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PREFACE. 


This  the  third  volume  which  the  Publishers  have  had  the 
privilege  to  present  to  the  ^Engineering  Public,  embodies, 
as  will  be  seen  on  inspection  of  its  pages,  many  improve- 
ments in  arrangement,  and  in  addition,  has  a  large  accession 
to  the  number  of  the  illustrations  which  were  given  in  the 
preceding  volumes.  It  is  scarcely  necessary,  therefore,  to 
say  that  every  endeavour  has  now  been,  as  every  endeavour 
will  hereafter  be  made,  to  render  the  work  worthy  of  the 
notice  and  patronage  of  the  members  of  the  distinguished 
profession  which  its  pages  address.  As  the  principles  upon 
which  it  is  based  have  already  been,  in  the  preceding 
volumes,  fully  stated,  further  reference  to  them  is  not  here 
desiderated ;  it  is,  however,  right  to  state,  that  of  the  high 
practical  utility  which  the  work  claims  to  possess,  numerous 
and  gratifying  evidences  have  been  forwarded  to  the  con- 
ductors. Professional  engagements  and  other  circumstances 
have  prevented  the  Editor  from  giving  that  attention  to  the 
details  of  the  work  which  he  would  have  wished  to  have 
bestowed  upon  them ;  delegation,  therefore,  to  another  gen- 
tleman has  been  therefore  necessary  to  secure  that  efficiency 
which  he  believes  is  attained  in  the  present  volume. 

For  the  matter  of  the  papers  of  which  the  volume  is  com- 
posed, the  Editor  has  to  acknowledge  his  special  obligations 
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to  the  following  Journals  published  in  this  country,  all  of 
which  are  conducted  with  admirable  ability,  and  contain  a 
vast  variety  of  valuable  facts  and  papers.  He  can  only  regret 
that  the  limited  space  at  his  disposal  has  prevented  him  from 
drawing  the  attention  of  his  readers  to  other  subjects  dis- 
cussed in  their  pages : — The  Engineer ;  the  Mechanics' 
Magazine  ;  the  Practical  Mechanics'  Journal ;  the  Engi- 
neer and  Architect's  Journal ;  the  Building  News ;  the 
Builder ;  the  Chemical  News ;  the  Scientific  American,  pub- 
lished at  New  York ;  and  the  Transactions  and  Reports  of 
the  Scientific  Societies  and  Associations. 

March,  1866. 
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DIVISION  FIRST. 

BOILERS  AND  VESSELS  FOR  CONTAINING  STEAM  AND  OTHER 
FLOIDS  UNDER  PRESSURE. 

1.  The  saying  of  that  distinguished  authority  on  matters  me- 
chanical— William  Fairbairn — that  the  danger  in  the  use  of  high 
pressure  steam  does  not  consist  "  in  the  intensity  of  pressure  to 
which  the  steam  may  be  raised,  but  in  the  character  and  con- 
struction of  the  vessel  which  contains  the  dangerous  element " — 
may  be  set  down  as  one  of  those  truisms  which  one  meets  every 
day,  containing  a  vast  deal  of  suggestive  truth,  but  which  is  often 
overlooked,  if  not  altogether  ignored.  It  contains  the  very  pith 
or  marrow  of  the  whole  question ;  yet  although  not  deniable  by 
any  one,  it  is  true,  notwithstanding,  that  the  principle  which 
it  involves  is  not  accepted  as  the  one  which  should  dictate  the 
practice  of  many  to  whom  the  manufacture  of  boilers  is  in- 
trusted— and  we  may  add,  of  those  by  whom  they  are  held  in 
daily  use.  Else — and  the  question  really  comes  forth  with 
power  in  view  of  these  catastrophes — else  how  is  it  that  the  public 
sense  of  what  ought  to  be,  but  unfortunately  is  not,  is  every  now 
and  then  shocked  by  a  recurrence  of  those  accidents  which  result 
in  such  extensive  loss  of  life  and  property?  It  is  the  saying  of 
one  who  has  said  many  good  things  in  his  day,  that  "  self-interest 
is  always  intelhgent."  In  the  matter  of  the  use  of  boilers  no- 
toriously defective   in   form,   material,    and    construction,    self- 
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interest  is  not  always  intelligent ;  for  however  easily  employers  may 
take  the  loss  of  lite  which  the  accidents  arising  from  the  use  of  boilers 
— and  truly  life,  by  some,  is  in  estimation  low  enough — one  would 
think  that  their  self-interest  would  prompt  them  to  avoid,  by  all 
means  in  their  power,  the  loss  of  their  property.  In  view,  in- 
deed, of  the  recklessness  with  which  such  a  power,  gigantic  for 
good  or  evil,  according  as  it  is  used  or  abused,  is  availed  of  in 
practice,  it  seems  almost  a  hopeless  task  to  endeavour  to  place 
matters  on  a  universally  right  footing,  either  through  the  powers 
of  the  press,  or  the  persuasions  of  science.  And  yet,  degraded 
as  in  too  many  instances  we  have  found  the  science  or  art,  or 
call  it  what  you  will,  of  Boiler  Engineering  for  long  time  to  have 
been,  it  is  consoling  to  know  that  we  are  moving,  and  in  the 
right  direction.  For  long  left  to  take  care  of  itself,  under  the 
impression,  apparently,  that  no  care  was  needed,  boiler  engineer- 
ing is  now  demanding  the  attention  and  engrossing  the  cares  of 
a  large  and  enlightened  portion  of  the  mechanical  community. 
We  see  abundant  evidences  around  us  of  the  truth  of  this,  and  of 
these  evidences,  this  year's  record  of  "  Engineering  Pacts  and 
Figures,"  which  we  are  again  privileged  to  place  before  the  reader, 
and  which  we  are  about  to  commence,  will,  we  trust,  be  a  fair 
resume.  This  rdsum6  we  shall,  for  the  convenience  of  ready 
reference,  arrange  under  the  following  heads  : — Section  First, 
Forms  of  Materials,  and  Construction  of  Boilers — Theoretical  and 
Practical  Considerations  affecting  these.  Section  Second,  The 
Appliances  of  Boilers  and  their  Practical  Management.  Section 
Third,  Wear  and  Tear  of  Boilers — Causes  which  deteriorate 
them.  Section  Fourth,  Explosions  of  Boilers.  The  points 
connected  with  Furnaces,  and  the  Fuel  which  is  consumed  in 
them,  will  be  found  discussed  under  Division  Second. 

section  first. 

2.  Forms  and  Materials  of  Boilers — Theoretical  and  Praeiicul 
Considerations  affecting  them. — (a)  "  The  Field  Boiler."  In  par. 
2,  p.  3,  of  our  volume  for  18G4,  we  give  a  description  of  the  then 
novelty  of  the  year,  in  the  form  of  the  "  Harrison,"  or  Cast-iron 
Sphere  Boiler,  and  for  the  details  of  which  we  refer  the  reader  to 
the  voL  named  above.  We  have  this  year  to  present  a  description 
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and  illustration  of  a  new  form  of  boiler  which  is  causing  consider- 
able discussion  amongst  engineers,  and  for  both  of  which  we  are 
indebted  to  an  article  in  the  "  Civil  Engineer  and  Architect's 
Journal."  The  writer  of  this  article  commences  by  pointing  out 
the  object  of  a  steam  boiler,  which  in  few  words  may  be  summed 
up  by  stating  that  the  less  time  and  the  less  space  occupied  in 
evaporating  any  given  quantity  of  water  the  better.  Advantage- 
ous, however,  as  quick  evaporation  may  be,  it  is  obvious  that  these 
advantages  depend  very  much  on  the  way  in  which  that  evapora- 
tion is  carried  on.  They  must  not,  for  instance,  be  purchased  at 
any  sacrifice  of  fuel,  of  space,  or  of  safety.  After  pointing  out 
that  in  the  Cornish,  and  boilers  of  similar  class,  i.  e.  with 
large  internal  jlues,  and  in  multitubular  boilers,  with  small  in- 
ternal flues,  quick  economical  evaporation,  in  the  sense  maintained 
by  the  writer  of  the  paper,  is  not  attainable.  Two  premises 
are  presumed  by  the  writer  to  be  correct,  namely,  "  Firstly,  that 
we  cannot  use  the  Cornish  system  with  its  large  body  of  inert 
water  ;  and  secondly,  that  the  plan  of  passing  the  heated  products 
of  combustion  in  thread-like  streams  through  the  water  space,  as 
in  the  ordinary  multitubular  boiler,  is  also  practically  incorrect." 
"Let  us  now  suppose,"  the  writer  continues,  "that  instead  of 
passing  the  products  of  combustion  in  small  streams  through  the 
water,  we  cause  the  water  itself  to  pass  in  like  streams  (and  with 
a  rapidity  of  flow  self -proportioned  to  the  heat  whereby  it  is 
surrounded)  into  and  through  the  hottest  part  of  the  furnace. 
The  result  will  then  be  that,  with  slow  combustion  the  circula- 
tion will  be  slow,  so  that  the  quantity  of  water  presented  to  the 
action  of  the  fire  in  any  given  time  will  be  exactly  suited  to  its 
heat-imparting  power ;  and  thaf  if  the  rapidity  and  intensity  of 
the  combustioi  be  increased,  the  rapidity  with  which  the  water 
will  pass  through  the  furnace  will  be  proportionately  increased, 
and  this  will  be  so  even  although  the  fire  be  urged  to  give  out  the 
greatest  possible  amount  of  heat.  Hence  it  is  evident  that,  as 
the  velocity  of  the  circulation  is  in  all  cases  regulated  by  the 
heat-giving  power  for  the  time  being  of  the  furnace,  it  matters 
not  whether  the  combustion  be  slow  or  quick,  excepting  that  in 
the  latter  case  we  shall  be  enabled,  by  the  greater  velocity  with 
which  the  streams  of  water  pass  through  the  furnace,  to  evapor- 
ate a  proportionately  greater  quantity  in  the  same  space.  Now  this 
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is  precisely  the  principle  of  the  boiler  under  notice,  the  practical 
results  of  which  entirely  corroborate  the  foregoing  remarks,  and 
satisfactorily  prove  that  the  principle  of  submitting  the  water,  in 
small  and  rapidly  circulating  streams,  to  the  most  intense  heat  of 
the  furnace,  is  the  true  one,  and  superior  to  any  other  yet  intro- 
duced ;  as  also  that,  in  this  way,  almost  the  whole  of  the  heat 
generated  in  the  furnace  (with  the  exception  of  what  is  neces- 
sarily employed  for  the  purpose  of  maintaining  a  sufficient 
draught)  may  be  utilised  in  the  production  of  steam,  and  that 
economy  of  space  and  weight  may  thus  be  made  to  go  hand  in 
hand  with  that  of  fuel. 

"  A  consideration  of  the  construction  of  the  Field  boiler  will 
at  once  show  how  these  effects  are  produced,  while  the  boiler  it- 
self is  at  the  same  time  rendered  safer  than  any  other  kind  of 
boiler  in  existence.  It  should,  however,  be  firstly  mentioned,  that 
the  principle  of  construction  adopted  in  the  Field  boiler  is  not  only 
applicable  to  boilers  for  stationary  purposes,  but  also  with  equal 
advantage  to  those  of  the  marine  and  portable  classes,  and  with 
reference  to  the  latter  class,  has  proved  itself  capable  of  going 
through  the  most  severe  work  uninjured  under  which  other 
boilers  have  required  constant  repair,  and  have  never,  at  the  best, 
been  free  from  leakage.  The  construction  of  the  Field  boiler  is 
this  : — 

"  It  consists  of  two  principal  parts,  namely,  the  water  and  steam 
space,  or  body  of  the  boiler,  and  the  furnace,  or  chamber  wherein 
the  fuel  is  burnt.  For  stationary  purposes  the  boiler  is  made 
cylindrical  in  form,  with  an  annular  water-space  a,  surrounding 
the  furnace  h,  as  shown  in  Fig.  1,  but  the  form  may  be  readily 
varied  and  adapted  as  required  to  suit  any  peculiarities  of  cir- 
cumstance or  position,  whether  for  land  or  marine  purposes.  In 
the  case  of  the  cylindrical  vertical  boiler  referred  to  a  number  of 
tubes  c,  placed  annularly  around  a  flue  tube  d,  passing  upward 
through  the  boiler,  hang  down  or  are  pendant  from  the  under- 
side of  the  water  and  steam  space  e,  into  the  furnace  b. 

"  These  tubes  (in  Fig.  2  an  enlarged  tube  is  illustrated)  are  open 
at  their  upper  ends  into  the  water-space,  and  being  closed  at 
their  lower  ends  are  consequently  (when  the  boiler  is  in  readi- 
ness for  starting)  entirely  filled  with  water,  the  top  level  of  which 
is  some  inches  above  their  upper  ends.     Within  each  of  these 


Boilers.] 


THE  FIELD  BOILER. 
Fig.  1. 


tubes  is  freely  suspended,  by  means  of  feathers  «,  a  smaller  tube 
/,  open  at  both  ends,  the  upper  end  of  which  rises  above  the 
level  of  the  upper  end  of  the  outer  tube  c,  but  is  short  of  reach- 
ing to  the  bottom  of  it.  The  tops  of  these  inner  tubes  are  provid- 
ed with  trumpet  or  funnel  shaped  mouths  or  deflectors  g,  which, 
as  will  be  seen,  perform  an  important  part  in  the  action  of  the 
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boiler.  A  baffle-plate  or  cylinder  h,  suspended  beneath  the  open- 
ing into  the  flue  tube  d,  which  passes  upwards  through  the  boil- 
er, prevents  any  portion  of  the  heat  of  the  furnace  from  passing 
away  without  having  firstly  enveloped  and  become  almost  en- 
tirely absorbed  by  the  pendant  tubes  and  water  circulating  within 
them." 

After  describing  the  arrangements  of  boiler  used  for  marine 
and  steam  fire  engi.ies,  the  writer  thus  concludes  his  paper  : — "A 
consideration  of  what  takes  place  in  the  working  of  the  Field 
boiler  will  at  once  clearly  show  why  it  should,  in  all  cases,  con- 
trast favourably  with  other  boilers  employed  under  similar  circum- 
stances. Thus,  taking  for  example  the  size  of  stationary  boiler 
known  as  80 -horse,  but  which  will,  in  reality,  work  with  ease 
up  to  120  horse-power,  the  outer  diameter  of  this  boiler  is  6  ft. 
6  in.,  and  its  height  8  ft.  8  in.  It  contains  490  square  feet  of 
tube  surface,  the  outer  tubes  being  2  inches  in  internal  and  2^ 
inches  in  external  diameter ;  and  the  inner  1  inch  in  diameter. 
Now,  upon  lighting  the  fire  the  water  in  these  tubes  immediately 
commences  to  circulate  every  increment  of  lieat,  however  trifling, 
added  to  the  water  contained  in  the  annular  spaces,  between  the 
inner  and  outer  tubes,  lessening  its  specific  gravity,  and  c&using 
it  to  ascend,  and  cold  water  to  consequently  descend  the  inner 
tubes  to  s\ipply  its  place.  This  action  goes  on  increasing  gradu- 
ally in  rapidity  until  ebullition  commences,  at  which  time  the  ve- 
locity of  flow  is  increased  enormously,  owing  to  the  great  differ- 
ence between  the  specific  gravity  of  the  mixed  water  and  steam 
ascending  in  the   annular  spaces,  and  that  of  the  solid  water 
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"Taking  the  velocity  of  flow  down  the  inner  tubes  at  10  feet 
per  second,  and  the  number  of  tubes  at  289,  we  shall  have  a 
quantity  of  water  equal  to  about  96  gallons  passing  down  into 
the  furnace,  and  being  submitted  to  its  most  intense  action  in 
every  second  of  time.  Moreover,  owing  to  the  principle  of  action 
of  the  tubes,  the  water  so  submitted  necessarily  belongs  to  the  less 
heated  portion  of  the  contents  of  ,the  boiler,  and  consequently 
possesses  the  greatest  capacity  for  heat.  Now  when  we  consider 
that  an  amount  of  water  equal  to  the  entire  average  contents  of  the 
boiler  is  thus  passed  into  the  furnace,  with  the  intervention  of 
only  one-eighth  of  an  inch  of  metal  between  itself  and  the  lire,  in 
every  six  seconds  of  time,  some  idea  may  formed  of  the  immense 
rapidity  with  which  the  heat  of  the  furnace  may  be  passed  into 
the  water ;  which  may  be  further  strengthened  by  reflection  on 
the  well-known  fact,  that  if  it  be  attempted  to  harden  a  tolerably 
large  piece  of  steel  by  plunging  it  when  hot  vertically  into  cold 
water,  and  holding  it  motionless  in  that  position,  the  attempt 
will  prove  a  failure,  inasmuch  as  the  water  will  fail  to  carry  ofl" 
the  heat  from  the  steel  with  sufficient  rapidity  to  effect  the 
hardening,  but  if,  instead  of  holding  the  steel  motionless  as  de- 
scribed, we  move  it  more  or  less  rapidly  from  side  to  side  through 
the  water,  the  hardening  will  be  at  once  eff'ected.  Now,  this  is 
precisely  the  difference  between  the  ordinary  kinds  of  boiler  and 
the  one  which  forms  the  subject  of  this  paper.  In  each  case  we 
have  on  the  one  hand  a  mass  of  water  subjected  to  heat,  and  un- 
able to  change  its  position  with  sufficient  rapidity  to  absorb  the 
heat  presented  to  it;  and  on  the  other,  a  constantly  changing 
surface  of  fluid,  carrying  off  the  heat  from  the  metal  with  great 
rapidity,  and  in  each  case  effecting  the  object  desired. 

"  Here,  then,  is  one  very  obvious  reason  for  the  economical  re- 
sults achieved  by  these  boilers,  even  under  circumstances  which 
might  seem  to  put  economy  out  of  the  question,  the  fact  simply 
being  that,  in  ordinary  boilers,  the  circulation,  left  to  shift  for  it- 
self, has  great  difficulty  in  becoming  of  a  decided  character  in  any 
direction,  so  that  the  water  instead  of  taking  off,  or  as  it  may  be 
expressed,  rushing  off  with  the  heat  from  the  metal  as  required, 
hangs  about  it,  and  with  comparative  slowness  conducts  it  away. 
The  consequence  is  that  much  of  the  heat  passes  into,  and  away 
by,  the  flues  instead  of  into  the  water,  and  thus  it  is,  as  was  be- 
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fore  remarked,  that  slow  combustion  with  ordinary  boilers  neces- 
sarily shows  to  better  advantage  than  quick.  It  is  important  in 
discussing  the  merits  of  any  boiler  to  advert  to  the  difficulties,  if 
any,  likely  to  arise  from  the  deposit  on  its  surface  of  these  trouble- 
some matters,  the  sulphates  and  carbonates  of  lime  or  such  other 
compounds  of  them  as  are  usually  thrown  down  in  the  form  of  a 
hard  scaly  incrustation.  It  is  ^ell  known  that  such  deposits  are  en- 
couraged by  sluggish  circulation,  and  that  where  the  circulation 
is  most  feeble,  as  well  as  in  the  neighbourhood  of  the  feed  pipe 
where  the  water  first  enters  the  boiler,  the  deposit  is  usually  thick- 
er than  at  any  other  places.  Bearing  this  in  view,  we  are  natu- 
rally led  to  expect  that  the  effect  of  very  rapid  and  constant  circu- 
lation will  be  to  prevent  deposit  in  the  channels  wherein  such  cir- 
culation takes  place,  and  are  therefore  scarcely  surprised  to  find 
that  the  tubes  of  boilers  of  steam  fire-engines  constructed  upon 
the  Field  principle,  and  worked  almost  daily  for  two  years,  have 
remained  entirely  free  from  deposit. 

"  It  may  be  that  some  small  part  of  this  remarkable  result  is 
due  to  the  continual  changes  of  water,  with  which,  from  the  na- 
ture of  their  duties,  these  boilers  are  worked,  but  assuredly,  if 
that  be  so,  the  part  borne  by  these  changes  in  preventing  incrus- 
tation is  very  small  indeed.  But  allowing  that  continual  change 
of  water  has  some  appreciable  influence  in  the  matter,  stationary 
boilers  on  the  Field  system  now  at  work  show  that  with  the  most 
ordinary  precautions  there  is  practically  no  incrustation.  The 
writer  was  present  lately  at  the  opening  of  one  of  these  boilers 
for  the  usual  quarterly  examination,  and  is  enabled  to  state  that 
there  was  no  hard  or  scaly  deposit  whatever.  At  the  bottom  of  the 
water-space  there  was  a  light- coloured  mud,  which,  when  dried, 
proved  to  be  an  impalpable  powder,  consisting  doubtless  of  the  mat- 
ters which,  in  ordinary  cases,  are  deposited  in  boilers  in  the  form 
of  hard  incrustation,  but  which,  in  this  case,  had  been  kept  in 
mechanical  suspension  until  finally  thrown  down  into  the  water- 
space  as  described.  The  precautions  which  had  been  taken  in  this 
instance,  and  which  were  so  thoroughly  efficient,  were  of  the  most 
simple  character,  and  consisted,  firstly,  in  the  employment  of  an 
inexpensive  water  heater,  whereby  some  of  the  calcareous  matters 
contained  in  the  water  were  thrown  down  previous  to  its  entrance 
into  the  boiler ;  and  secondly,  in  the  use  in  the  water  of  a  trifling 
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quantity  of  composition,  known  as  Buck's,  and  consisting  appa- 
rently, chiefly  of  soda,  which  seemingly  had  the  effect  of  complet- 
ing whatever  was  left  undone  by  the  heater. 

In  reply  to  a  correspondent  in  the  pages  of  the  Mechanics' 
Magazine,  who  wished  some  practical  information  as  to  dimen- 
sions, weight,  &c.,  &c.,  of  boilers  of  this  class  of  given  power; 
the  inventor,  Mr.  Edmund  Field,  Chandos  Chambers,  Adel- 
phi,  London,  addressed  to  the  same  Journal  the  following 
letter : — 

"  I  beg  to  say  that  boilers  on  my  principle  applied  to  the 
steam  fire-engines  manufactured  by  Messrs.  Merry  weather  and 
Sons,  are  of  the  following  general  dimensions  and  weights,  and 
have  done  actual  useful  work,  and  held  their  steam  thoroughly 
well  up  to  and  even  beyond  the  powers  named. 

"A  boiler,  the  outer  diameter  of  which  is  2  ft.  4^  in.,  and  its 
height  3  ft.  9  in.,  the  area  of  the  fire-grate  being  2*6  square  ft., 
and  that  of  the  tube  surface  5  4  "5  square  ft.,  has  worked  continu- 
ously up  to  20  horse-power.  The  weight  of  this  boiler  is  about 
7  cwt.,  and  the  consumption  of  fuel  1  cwt.  per  hour. 

"  Another,  having  an  outer  diameter  of  3  ft.  6  in.,  and  height  of 
5  ft.,  area  of  fire-grate  7  square  ft.,  tube-heating  surface  192*5 
square  ft.,  and  weighing  about  1 5  cwt.,  has  given  an  effective 
power  of  68  horses,  with  a  consumption  of  less  than  3  cwt.  of 
fuel  per  hour ;  and  has  shown  itself  capable  of  continuing  it 
without  losing  pressure,  for  any  length  of  time. 

"  For  stationary  purposes  where  weight  is  of  less  importance,  I 
prefer  to  employ  boilers  of  a  more  roomy  construction,  in  which, 
although  a  longer  time  is  occupied  in  getting  up  steam  than  in 
the  class  of  boilers  above  referred  to,  there  is  much  less  trouble 
in  stoking.  In  fact,  the  trouble  in  this  respect  is  less  with 
these  than  with  boilers  of  the  Cornish  construction,  while  the 
ground  space  they  occupy  is  only  about  one-sixth  of  that  required 
for  the  Cornish.  Thus,  a  stationary  boiler  capable  of  doing,  with 
steady  working,  about  15  horse-power,  is  3  ft.  8^  in.  diame- 
ter X  5  ft.  8  in.  high,  its  area  of  fire-grate  being  5  square  ft., 
tube-heating  surface  60  square  ft.,  and  weight  about  27  cwt. 
This  is  nominally  a  10  horse-power  boiler. 

"The  dimensions  of  a  nominal  20  horse-power,  capable  of  doing 
about  30  horses'  work,  are  4  ft.  diameter  x  7  ft.  2  in.  high  =  area 
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of  fire-grate  about  7  square  ft.  =  tube-heating  surface  121  square 
ft.,  and  weight  about  42  cwt, 

"A  nominal  40  horse-power  is  4  ft.  10  in.  diameter  x  8  ft.  6 
in.  high  ;  area  of  fire-grate  about  10  square  ft.,  tube-heating  sur- 
face 240  square  ft.,  and  weight  about  3  tons. 

A  nominal  80  horse-power  is  6  ft.  4^  in.  diameter  x  8  ft.  8 
in.  high,  area  of  fire-grate  about  21  square  ft.,  tube-heating  sur- 
face 480  square  ft,,  and  weight  about  4  tons. 

"  Stationary  boilers  of  this  class  are  evaporating  over  10  lbs. 
water  for  1  lb.  of  fuel." 

And  in  the  same  Journal,  under  date  of  July  14th,  1865,  a 
leading  article  is  given  on  "  The  Field  Boiler,"  in  which  there 
are  some  very  interesting  details  connected  with  its  practical 
working.  The  writer  commences  by  pointing  out  the  advantages 
and  disadvantages  of  the  two  great  classes  of  boilers  now  chiefly 
in  use — namely,  the  double  flue  and  the  "  multitubular  "  boiler. 
The  former,  he  says,  is  probably  *''  unequalled  by  any  of  the  class 
to  which  it  belongs  for  simplicity  and  efl'ectiveness,"  but  it  takes 
up  much  space,  and  where  space  cannot  be  had  another  form  is 
desiderated.  Here  comes  into  use  the  "multitubular  boiler," 
which  is  comparatively  safe,  or  rather,  in  the  language  of  the 
writer,  possesses  a  perfect  immunity  in  respect  of  violent  explo- 
sions, but  this  boiler  has  its  defects,  it  is  expensive,  and  it  does 
not  afl'ord  the  means  to  allow  the  water  to  circulate  freely  and  to 
absorb  all  the  heat  generated  by  the  combustion  of  the  fuel  A 
field — no  pun  is  intended  good  reader — is  thus  open  for  a  boiler 
which  shall  possess  all  the  advantages  but  none  of  the  disadvan  • 
tages  of  these  two  boilers,  and  this  is  apparently  taken  well  up  and 
practically  occupied  by  the  "  Field"  boiler,  about  wliich  the  writer 
of  the  leader  above  referred  to  thus  discourses,  and  which,  he  says, 
he  believes  has  secured  more  effectively  than  any  other  form  yet  in- 
troduced, all  the  advantages  aimed  at  by  its  inventor: — "  The  ra- 
pidity," he  says,  "  with  which  it  generates  steam  has  just  received 
anotlier  practical  illustration  in  the  steam  fire-engine  competition 
at  Cologne,  the  report  of  which  appeared  in  our  last  number. 
Messrs.  Merryweather's  engine,  which  carried  the  first  prize,  was 
fitted  with  a  '  Field '  boiler,  and  raised  steam  from  cold  water  to  a 
pressure  of  100  lbs.  per  square  inch  in  7  min.  and  28  sec.  from 
the  time  of  lighting  the  fire. 
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"  It  will,  doubtless,  be  remembered  that  the  '  Field  '  boiler  was 
applied,  in  the  first  instance,  to  steam  fire-engines  ;  but,  as  it  was 
considered  to  possess  many  advantages  which  would  render  it 
valuable  for  other  uses,  steps  were  taken  to  test  its  efiiciency  for 
stationary  purposes,  and  the  result  proved  satisfactory  in  every 
respect.  By  no  means  the  least  important  benefit  derived  from 
the  adoption  of  this  system,  is  the  great  saving  effected  in  the 
space  occupied,  the  dimensions  of  a  steady  working  80  nominal 
horse-power  '  Field '  boiler,  including  furnace,  being  only  6  ft.  6 
in.  diameter,  by  8  ft.  8  in.  high.  Then  there  is  the  further  and 
equally  important  question  of  safety  already  referred  to,  and 
which  is  certainly  one  of  the  first  considerations  in  putting  down 
a  new  boiler,  especially  in  densely  populated  localities.  Upon 
this  point  Ave  have  no  hesitation  in  stating  our  conviction  that 
the  system  under  notice  is  the  safest  form  of  steam  generator  yet 
introduced.  In  the  event  of  shortness  of  water,  the  worst  that 
can  happen  is  the  burning  of  some  of  the  tubes,  which,  in  fact, 
serve  as  fusible  plugs,  so  that  the  fire  is  extinguished  without 
further  damage.  This  was  actually  proved,  in  a  case  of  culpa- 
ble neglect  on  the  part  of  an  attendant,  under  circumstances 
which  must  have  resulted  in  a  disastrous  explosion  had  the  boiler 
employed  been  a  Cornish  instead  of  a  'Field.'  As  it  was,  the 
main  body  or  shell  and  the  tube  plate  received  no  injury  what- 
ever, and  the  damaged  tubes  having  been  renewed,  the  boiler 
was  very  shortly  again  at  work.  Indeed,  the  facility  with  which 
the  tubes  may  be  renewed  is  remarkable,  and  constitutes  another 
important  feature  in  the  boiler.  It  should  also  be  mentioned 
that  leakage  is  efi'ectually  prevented  in  consequence  of  the  entire 
absence  of  unequal  expansion  and  contraction. 

"  In  some  climates  boilers  are  especially  subjected  to  the  effects 
of  frost ;  under  these  circumstances  it  might  be  inferred  that  the 
freezing  of  the  water  in  the  tubes  of  the  '  Field '  boiler  would 
be  liable  to  cause  them  to  burst.  This,  however,  is  found  not 
to  be  the  case.  Tubes,  of  extra  light  make,  and  filled  with  water, 
have  been  purposely  frozen  and  thawed  four  times  in  succession, 
so  that  the  water  throughout  their  entire  length  was  on  each  oc- 
casion completely  solidified.  The  result  was  simply  that  the 
inner  tube  was,  for  the  time  being,  slightly  raised,  and  immedi- 
ately upon  the  ice  being  thawed  it  fell  again  into  its  proper 
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position.  In  consumption  of  fuel,  the  *  Field '  boiler  is  found 
to  be  very  economical,  a  fact  mainly  due  to  the  rapid  circulation 
of  the  water  through  the  hottest  part  of  the  fire.  The  combus- 
tion attainable  with  water  tubes  pendent  into  the  fire  is  far  more 
perfect  than  in  the  case  of  boilers  constructed  according  to  the 
ordinary  tubular  systems.  The  peculiar  arrangement  of  the 
'  Field '  boiler  also  enables  the  stoking  to  be  more  easily  effected 
than  is  the  case  with  most  other  steam  generators.  It  has  been 
advanced  by  some  that  the  deposit  of  incrustation  upon  the  tubes 
would,  in  many  cases,  form  a  serious  obstacle  to  the  adoption  of 
this  system  of  boiler.  The  truth  is,  however,  that  some  of  these 
boilers  have  been  severely  tested  in  steam  fire-engines,  and  found 
to  be  entirely  free  from  deposit  after  over  two  years'  constant  use. 
In  the  case  of  a  stationary  boiler  recently  opened  for  quarterly 
examination  it  was  found  as  clean  and  free  from  hard  or  scaly 
incrustation  as  on  the  day  it  was  first  worked.  The  only  deposit 
found  was  at  the  bottom  of  the  water  casing  surrounding  the 
furnace,  where  it  lay  in  the  form  of  a  light-coloured  mud.  On 
being  dried  this  mud  or  paste  resolved  itself  into  a  number  of 
disintegrated  particles,  doubtless  those  which  enter  into  the  com- 
position of  the  substances  that  ordinarily  constitute  the  hard 
incrustation  on  the  internal  surfaces  of  boilers.  But  there  is 
nothing  particularly  wonderful  in  this  when  the  principle  upon 
which  the  boiler  is  constructed  is  taken  into  consideration.  From 
observation  of  the  action  of  the  *  Field '  boiler,  as  illustrated  in 
a  glass  model  of  working  dimensions,  we  were  enabled  to  see  that 
all  extraneous  matters  were  carried  up  by  the  circulation  in  the 
tubes,  and  thrown  to  the  bottom  of  the  water  casing.  From 
thence  they  may  be  blown  out  through  a  cock  in  the  ordinary 
manner,  and  this  was  doubtless  the  case  with  the  substances  to 
which  we  have  just  referred. 

"  It  may  be  as  well  to  note  here  the  practical  performance  of  the 
*  Field'  boiler,  from  which  its  merits  will  be  clearly  seen.  The 
example  taken  is  an  80  nominal  horse  power  stationary  boiler, 
the  dimensions  of  which,  as  already  stated,  are  6  ft.  6  ins.  dia- 
meter by  8  ft.  8  ins.  high,  no  brickwork  being  required  for  setting 
except  in  the  ash-pit.  The  total  area  of  heating  surface  is  about 
568  square  feet,  the  external  tube  surface  presenting  490,  and 
the  fire  box  78  square  feet.     The  fire-grate  area  is   22   square 
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feet.  The  weight  of  fuel  burned  on  each  square  foot  of  grate  is 
about  20  lbs.  per  hour.  About  18  cubic  feet  of  water  are  eva- 
porated from  the  initial  temperature  by  1 1 2  lbs.  of  fuel,  which 
is  about  10  lbs.  of  water  for  each  pound  of  fuel  burnt.  The 
number  of  cubic  feet  of  water  evaporated  per  hour  from  initial 
temperature  is  70*4.  There  are  8  square  feet  of  heating  surface 
for  each  cubic  foot  of  water  evaporated  per  hour,  and  the  num- 
ber of  square  feet  of  heating  surface  for  each  square  foot  of  grate 
is  26.  The  temperature  of  the  products  of  combustion  escaping 
from  the  chimney  rarely  exceeds  600  degrees,  although  the  tem- 
perature over  the  fire  is  upwards  of  3,000  degs.,  this  fact  shows 
how  efficiently  the  boiler  absorbs  the  heat  from  the  fire.  Based 
upon  the  tried  practical  working  of  the  principle,  the  conclusions 
at  which  we  inevitably  arrive  are,  that  the  'Field'  boiler  sup- 
plies the  long-felt  want  of  a  compact,  inexpensive,  economical, 
safe,  and  thoroughly  efficient  steam  generator.  If  anything  were 
wanted  to  remove  any  ideality  that  might  appear  to  attach  to 
this  boiler,  it  is  supplied  in  the  fact  of  its  appreciation  by  prac- 
tical men,  as  evidenced  by  a  considerable  number — some  of  large 
power — being  at  present  in  course  of  construction  in  this  country 
and  abroad  for  stationary  and  other  purposes." 

3.  In  last  paragraph  allusion  has  been  made  to  the  advan- 
tages, or  presumed  advantages,  of  tubular  boilers — we  say  pre- 
sumed, for  the  question  of  tubular,  as  against  other  forms  of 
boiler,  is  one  of  the  "  vexed  questions  "  with  which  the  practice 
and  the  science  of  engineering  abounds.  The  reader  desirous  to 
have  a  resum6  of  what  has  been  said  on  the  subject,  will  find 
papers  bearing  upon  it  in  the  volume  of  "  Engineering  Facts  and 
Figures  for  1864,"  in  par.  4,  p.  15.  We  supplement  this  by  an 
abstract  of  a  paper  entitled  "  Facts  and  Fallacies  as  to  Tubular 
Boilers,"  which  has  been  given  in  the  Practical  Mechanics'  Jour- 
nal, under  date  Feb.  1st,  1865,  and  which  is  in  fact  a  review  of 
a  pamphlet  by  Mr.  C.  W.  Williams,  published  by  Spon,  London, 
entitled,  "  On  the  Steam  Generating  Power  of  Marine  and  Loco- 
motive  Boilers."  In  an  early  part  of  the  work,  Mr.  Williams,  in  a 
brief  but  important  passage,  runs  counter  to  a  very  generally  receiv- 
ed opinion  as  to  the  heating  value  or  capacity  of  tubes.  This  opinion 
has  generally  been  favourable,  indeed  when  introduced  by  Ste- 
phenson, they  were  at  once  accepted  as  the  thing  which  was  es- 
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sential  to  that  rapid  raising  of  stecam  upon  -which  the  best  qualities 
of  the  locomotive  depended.  If  the  opinion  of  Mr.  WilUams  is 
correct,  it  will  appear  that  engineers  have  been  mistaken  in  their 
estimate  of  the  value  of  tubes,  and  that  they  must  look  to  other 
parts  of  the  boiler  as  those  which  dictate  its  steam- raising  value. 
The  following  is  the  passage  alluded  to,  and  the  comments  of  the 
editor  of  the  "  Practical  Mechanics'  Journal"  thereon: — 

"  '  It  will  doubtless  hereafter,"  says  Mr.  Williams,  "  be  a  mat- 
ter of  special  wonder,  when  the  construction  of  boilers  shall  have 
been  perfected,  to  hnd  that  for  thirty-four  years,  since  Stephenson's 
Rocket  won  the  prize  for  the  locomotive,  we  have  been  following 
an  ignis  fatuus — the  so-called  heating  surface  of  tubes  ;  and  that 
so  far  from  that  surface  being  the  measure  of  the  heat-transmitting 
and  evaporative  power,  it  may  in  fact  be  altogether  omitted  in  our 
calculations,  and  for  the  measure  of  that  power  we  shall  have  to  look 
to  a  different  part  of  the  boiler — a  portion  hitherto  absolutely  un- 
noticed and  unappreciated  by  engineers.  The  experiments  and 
proofs  hereafter  detailed  fully  establish  this  fact  beyond  question.' 
"  So  far,"  says  the  reviewer,  "  the  statement  is  that  the  tubes 
of  tubular  boilers  (locomotive  or  marine)  are,  as  a  means  of  con- 
veying the  heat  of  the  products  of  the  burnt  fuel  to  the  water, 
absolutely  valueless. 

**  The  next  paragraph  surpasses  our  comprehension,  as  to  any 
distinct  idea  it  conveys. 

"  *■  Of  the  tube  internal  surface,  as  regards  its  heat-transmitting 
and  steam-generating  property,  we  may,  as  will  hereafter  be  shown, 
on  the  authority  of  the  late  Mr.  Dewrance  and  Mr.  Hick  of  Bol- 
ton, estimate  its  efficiency  in  comparison  with  that  of  the  furnace 
or  fire-box  plates  at  but  one-tenth  of  the  gross  nominal  surface  it 
presents,  where  the  tubes  are  not  more  than  six  feet  long.  My 
own  numerous  experiments  and  observations  fully  bear  out  this 
statement.'  'Again,  when  the  tubes  are  ten  feet  long  and 
upwards,  we  will  not  err  much  if,  with  the  exception  of  the  first 
twelve  inches,  we  leave  them  altogether  out  of  our  calculation,  and 
regard  them  as  mere  conduits  for  conveying  the  heated  products 
of  combustion  to  the  chimney.'. 

"  So  then,  with  tubes  of  six  feet  long,  ten  super,  feet  of  tube 
is  equal  to  one  of  fire  box ;  but  tubes  of  any  greater  length,  how- 
ever great  their  total  surface,  we  may  consider  as  worth  nothing, 
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except  the  first  foot  of  their  length,  and  leave  all  the  rest  out  of 
calculation  altogether ! 

"  So  far  for  the  ignis  fatuus  that  engineers  have  been  foolishly 
relying  upon  for  thirty-four  years  as  having  something  to  do  with 
the  steam  raised  in  locomotives,  &c. — such  is  their  sin  of  com- 
mission, according  to  Mr.  Williams.  Let  us  now  come  to  their 
sin  of  omission — '  the  portion  of  the  boiler  which  has  been  ab- 
solutely unnoticed  and  unappreciated  by  engineers.' 

"  Here  we  have  it.  *  Against  the  insufficiency  of  the  tubes, 
as  heat  transmitters  and  steam  generators,  we  have  the  hitherto 
neglected  surface  of  the  face  plate,  presenting  a  face  to  the  direct 
action  of  the  hot  current  of  the  furnace.  Assuming  the  orifices 
of  the  tubes  occupy  one-fourth  of  the  gross  area  of  the  face  plate, 
the  practical  heat-transmitting  portion  will  be  the  remaining 
three-fourths. 

"  '  Hitherto  the  face  place  has  been  regarded  as  a  a  mere  me- 
chanical contrivance  by  which  the  tubes  were  held  in  their  places, 
for  preserving  certain  distances  between  them  to  enable  the  water 
to  surround  them. 

"  *  Strange  to  say,  no  idea  whatever  appears  to  have  been  en- 
tertained that  the  face  plates  had  any  heat-transmitting  or  steam 
generative  property  of  their  own! 

"  To  many  of  our  readers  the  term  face  'plate  will  be  new  and 
without  a  distinct  meaning.  We  may  therefore  here  say,  that 
the  author's  face  plate  means  that  side  of  the  fire  box  of  a  boiler 
on  the  locomotive  construction  through  which  one  end  of  the 
tubes  passes. 

"  In  Mr.  Williams'  strict  sense  it  is  only  that  portion  of  the 
plate  forming  this  side  of  the  interior  of  the  fire  box  which  is 
not  cut  out  by  the  perforations  for  the  ends  of  the  tubes.  It  is, 
therefore,  the  unperforated  surface  of  the  tube  plate  of  the  fire 
box.  We  may  therefore  at  once  dispose  of  the  sin  of  omission 
charged  against  locomotive  and  other  engineers  by  declaring  it 
simply  a  mare's  nest. 

"  It  is  not  a  fact  that  any  part  of  the  interior  surface  of  fire 
box  in  locomotive  boilers  has  been  unnoticed  and  unappreciated 
by  engineers.  We  could  point  to  scores  of  examples,  were  it 
necessary  so  to  support  the  universal  cognizance  of  all  those  en- 
gaged in  proportioning  such  boilers,  proving  that  all  parts  of  the 
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interior  of  the  fire  box,  every  square  inch  of  its  surface,  is  and 
always  has  been  habitually  taken  into  calculation  and  its  effect 
allowed  for;  and  hence  this  tube  plate,  or  face  plate,  as  Mr. 
Williams  is  pleased  to  call  it,  as  a  matter  of  course,  included. 

"  Although  he  does  not  say  so  in  words,  Mr.  Williams  is  ob- 
viously of  opinion  that  this  face  plate  does  nearly  all  the  work 
of  the  whole  fire  box;  or,  to  be  strict,  so  as  to  avoid  injustice, 
he  distinctly  infers  that  each  square  foot  of  interior  surface  of 
this  face  plate  (at  a  given  level  in  the  fire)  is  vastly  more  efi'ec- 
tive  than  any  equal  area  of  any  other  of  the  three  sides  of  the 
fire  box,  or  of  its  roof 

"  *  We  here  at  once  recognise  the  cause  of  the  great  steam 
generative  power  of  the  single  face  plate  in  each  locomotive, 
namely,  the  almost  electric  rapidity  of  the  draught  in  the  chim- 
ney, producing  a  correspondent  increase  in  the  force  with  which 
the  heated  current  strikes  that  plate.'  " 

After  drawing  attention  to  what  the  writer  of  the  notice  calls 
"  fallacies  "  respecting  the  tubular  boiler  as  propounded  by  Mr. 
Williams — he  thus  proceeds  to  detail  what  we  may  call  the  "  facts" 
respecting  them.  "  From  at  least  the  year  1834,  if  not  earher,  the 
fact  was  clearly  ascertained  and  recognised  that  unit  for  unit  of 
surface,  the  fire  box  was  greatly  more  efficient  in  passing  heat  into 
the  water  than  the  tubes.  It  is  so  for  many  reasons,  mainly  be- 
cause the  receptive  surfaces  of  the  fire  box  are,  as  respects  radiation 
from  the  incandescent  fuel,  much  nearer  to  particles  at  the  high- 
est temperature  than  any  other  part  of  the  boiler,  and  the  effect 
of  radiation  is  greater  inversely  as  the  square  of  the  distance,  and 
as  respects  conduction,  because  the  plates  are  here  in  actual  con- 
tact with  white  hot  coke. 

"  It  has  also  never  admitted  of  a  question,  on  the  part  of  any 
competent  engineer,  that  as  respects  convection,  each  square  inch 
of  the  various  parts  of  the  interior  of  the  fire  box  is  more  eflfec- 
tive,  in  proportion  as  a  larger  volume  of  gases,  heated  to  a  given 
temperature,  passes  it  by  or  reaches  it  in  whatever  direction  in  a 
given  time.  From  this  last  it  is  no  doubt  true,  that  all  that 
part  of  the  fire  box  towards  which  the  heated  gases  of  the  fire 
pass  in  order  to  enter  the  tubes,  must  have  more  heat  brought  to 
them  in  a  given  time  than  to  the  opposite  parts  nearer  the  fire 
door.     But  that  is  all,  and  does  not  specially  or  solely  apply  to 
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the  tube  plate  (or  face  plate  of  Mr.  "Williams) ;  it  is  equally  true, 
pro  tanto,  of  the  roof  of  the  fire  box. 

"  To  jump  to  the  conclusion  from  this,  that  the  tube  plate  does 
all  or  nearly  the  whole  of  the  work  of  the  whole  interior  of  the 
fire  box,  is  simply  nonsense.  To  endeavour  to  sustain  such  a 
notion  by  misinterpreted  experiments  and  ill -understood  physics, 
is  to  indicate  an  incapacity  for  dealing  with  such  questions  at  all. 

"  The  comparative  small  efficiency  of  the  tubes,  again,  has  been 
for  years  fully  recognised  and  understood.  It  mainly  arises  from 
the  facts,  first,  that  the  temperature  of  the  particles  of  the  radiat- 
ing streams  of  heated  gases  swept  through  them  is  greatly  below 
that  of  those  particles  while  in  the  fire  box  (where  they  are  robbed 
of  much  of  their  heat) ;  and,  secondly,  that  the  draught  is 
obliged  to  be  so  sharp,  in  order  to  maintain  the  high  temperature 
of  the  fire,  that  there  is  not  tiine  enough  during  the  transit 
through  tubes  of  ordinary  length  for  the  gases  to  radiate  all  or 
even  the  greater  part  of  their  heat. 

"  This  is  proved  by  the  tremendous  temperature  of  the  smoke 
box  and  even  the  top  of  the  funnel  of  every  locomotive ;  and,  to 
any  sane  man,  this  fact  is  an  argument  cogent  and  inexpugnable 
for  lengthening  out  the  tubes,  so  as  with  the  same  velocity  of 
draught  to  give  more  time  for  radiation  within  the  tubes. 

"  And  here  comes  in  the  second  and  most  extraordinary  error 
— namely,  that  only  the  first  few  inches  of  the  tubes  are  of  any 
use  whatever,  and  that  in  place  of  lengthening  we  should  shorten 
them. 

"  To  put  in  its  true  light  this  fallacy,  we  need  do  no  more 
than  reproduce  here  Mr.  Williams'  own  first  experiment.  He 
had  a  boiler  constructed  in  which  a  fasciculus  of  tubes  5  feet  in 
total  length  was  separated  by  plates  at  intervals,  so  that,  as  he 
says,  '  the  heat-transmitting  value  of  each  lineal  foot  of  the  tube 
would  be  indicated.'  The  compartment  next  to  the  face  plate 
was  only  one  inch  in  length,  the  second  was  10  inches  in  length, 
and  the  four  subsequent  ones  were  12  inches  in  length  each. 
After  three  hours'  work,  the  following  quantities  of  water  had 
been  evaporated — from 

Lbs.  Oz. 

Compartment  No.  1  (  1  inch  long)  .  .  2  14 

Do.  No.  2  (10       „        )  .  .  2  15 

B 
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Compartment  No.  3  (10  inches  long)  .  .  1       14 

Do.  No.  4  (12  „         )  .  .  16 

Do.  No.  5  (12  „         )  .  .  12 

Do.  No.  6  (12  „         )  .  .  11 

We  take  it  that  every  one  will  see  that  the  first  compartment  of 
1  inch  long  is  in  reality  not  that  of  an  inch  of  tubes  only,  but  of 
the  face  plate  or  tube  plate  surface  also.  In  fact,  the  heat  taken 
up  by  the  relatively  large  mass  of  metal  in  the  tube  plate  next 
the  fire  is  rapidly  given  up  to  the  water  in  contact  with  it  and 
the  first  inch  of  tube.  And  were  it  worth  while  to  expend  space 
in  further  quotation  we  have  proof  in  the  facts  given  how  much, 
in  this  first  compartment  the  action  of  tube  and  tube  plate  are 
confounded. 

"  We  shall  pass  by  also,  what  most  persons  will  perceive,  that 
horizontal  tubes  thus  diaphragmed  off  into  a  number  of  separate 
chambers  are  no  longer  in  the  same,  or  in  as  favourable  a  posi- 
tion, as  in  an  ordinary  boiler  where  the  icater  is  free  to  circulate 
in  all  directions,  and  to  sweep  along  the  tubes  from  the  cooler  to 
their  hotter  end,  in  the  reverse  direction  to  the  current  of  heated 
gases  passing  through  them." 

4.  The  Harrison  Boiler. — In  par.  2,  p.  3,  of  our  volume  for 
1864,  we  gave  a  detailed  description  of  this  form  of  boiler,  in 
which  the  use  of  cast-iron  spheres  is  the  distinguishing  feature. 
Of  the  strength  of  these  we  off'ered  a  few  remarks  ;  and  we  now 
supplement  them  by  information  communicated  to  the  Editor  of 
the  "  Scientific  American,"  by  the  inventor,  who  resides  in,  and  is, 
we  believe,  a  native  of,  America.  "  I  wish  to  say  a  word  in  re- 
gard to  the  strength  of  this  boiler.  In  making  many  experi- 
ments to  test  the  bursting  strength  of  the  spheres  under  hydrau- 
lic pressure,  no  sound  casting  ever  gave  way  under  fifteen  hun- 
dred ^jounds  to  the  square  inch  ;  it  was  not  unusual  for  them  to 
resist  two  thousand  pounds,  and  this,  too,  wheri  made  of  iron  of 
no  greater  strength  than  the  best  brands  of  Scotch  pig  metal  In 
a  practical  experience  of  several  years  with  boilers  varying  from 
5  to  200  horse  power,  explosions  have  never  happened  under 
any  circumstances.  Extreme  pressure  will  open  its  joints  before 
any  thing  gives  way,  thus  making  each  joint  a  safety  valve.  A 
cracked  sphere  may  produce  a  leak,  but  a  boiler  under  pressure 
has  never  been  suddenly  emptied  from  such  a  cause.     Instances 
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have  once  or  twice  occurred  where  a  cracked  sphere  has  been 
continued  for  some  time  after  the  fracture  was  discovered,  with 
no  troublesome  consequences  from  the  leakage,  and  no  necessity 
for  instant  repairs. 

"  There  have  been  but  four  fractures  of  spheres  in  all  the  boilers 
mentioned  in  the  advertisement  now  in  your  journal,  and  in  every 
case  these  could  be  fairly  traced  to  special  causes  not  connected 
with  pressure.  In  my  experience  with  this  boiler,  several  have 
been  burnt,  or,  in  other  words,  rendered  unfit  for  service  for  the 
moment  by  overheating  after  the  water  had  fallen  too  low.  The 
result  in  such  case  is  obvious;  spheres  with  no  water  inside  and 
intense  heat  outside,  are  soon  heated  to  redness  and  warped  so 
much  that  the  integrity  of  the  joints  is  destroyed,  causing  the 
boiler  at  the  injured  parts  to  leak  badly,  but  nothing  like  an  ex- 
plosion occurs.  With  great  facility  and  little  cost  of  time  or 
money,  the  injured  parts,  in  such  a  case,  can  be  taken  out  and 
replaced  by  new  ones,  without  even  the  use  of  highly-skilled 
workmen,  after  which  the  boiler  is  as  good  as  before  the  accident. 
Some  of  these  boilers  are  working  daily  at  180  pounds  pressure 
to  the  square  inch ;  and  a  good  evidence  of  their  value  is  shown 
in  the  fact  that  several  parties,  who  have  used  the  boiler  longest 
in  this  country,  have  already  in  use,  or  have  sent  me  orders  for, 
a  second  one. 

"  With  this  boiler  on  our  Western  steamboats,  to  which  it  can 
be  easily  adapted,  such  wholesale  destruction  of  human  life  as 
took  place  on  the  Sultana  a  few  days  ago,  cannot  possibly  occur. ^^ 

5.  Rotatory  Boiler.— This — which  is  the  invention  of  Mr. 
Henry  Brown  of  St.  Petersburg — takes  us  in  quite  a  new  direc- 
tion in  the  novelties  of  steam  boilers.  According  to  an  article  in 
the  "Practical  Mechanics'  Journal" — under  date  Oct.  1st,  1865 
— and  which  is  illustrated  by  a  plate,  the  main  object  aimed  at 
by  the  inventor  in  bringing  out  this  novel  form  of  boiler  is  "  the 
augmenting  of  the  heating  furnace,  economizing  fuel,  and  super- 
heating or  drying  of  the  steam.  In  this  boiler  no  stays  are  re- 
quired, as  from  the  peculiarity  of  its  construction  it  forms  its 
own  stays,  and  is  perhaps  the  strongest  shape  that  can  be  given 
to  a  boiler,  whilst  it  occupies  a  small  space  in  comparison  with 
boilers  of  other  constructions  and  of  equal  power.  The  boiler 
(a)  is  of  a  cylindrical  form,  with  spherical  ends.     It  is  inclosed 
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in  a  metal  casing  (b),  which  is  lined  with  fire-bricks  at  the  bot- 
tom part  of  the  casing,  and  under  the  boilers  are  placed  two  fur- 
naces, the  furnace  doors  (c  c),  (of  which  there  are  four),  are 
placed  on  one  side  of  the  casing.  Between  the  boiler  and  the 
brick  casing  there  is  left  a  space  for  enabling  the  flames  and  heat 
from  the  furnaces  to  play  entirely  round  the  boiler.  The  boiler 
is  hung  on  two  cast-iron  hollow  necks  (d  d),  each  neck  having 
a  ring  (e),  keyed  on  to  it,  and  turned  true,  and  on  these  rings 
the  boiler  revolves.  The  rings  (e  e)  work  in  chairs  (f  f),  which 
rest  on  brackets  (g  g),  fastened  to  each  end  of  the  outer  casing 
(d).  The  ring  (e),  at  the  end  by  which  the  boiler  is  rotated  has 
a  toothed  rim  (e^),  cast  on  it  which  projects  beyond  the  chair. 
Into  this  tooth  rim  or  worm  wheel  an  endless  screw  (f^)  works, 
the  shaft  of  which  is  supported  in  bearings  attached  to  the  up- 
per gland  of  the  chair ;  this  shaft  is  to  be  driven  by  a  small  en- 
gine that  is  required  for  feeding  the  boiler.  Through  one  of  the 
necks  (d)  passes  a  tube  (h),  which  forms  the  flue  by  which  the 
smoke  passes  off  to  the  chimney  (i).  In  the  neck  at  the  oppo- 
site end  of  the  briler  is  placed  the  steam  pipe  (j),  which  passes 
through  a  stuffing  box  in  the  neck.  That  part  of  the  pipe  which 
passes  through  the  stuffing  box  is  enlarged,  and  the  steam  chan- 
nel placed  eccentrically  in  it,  so  as  to  leave  room  for  placing  the 
feed  pipe  (k),  under  the  steam  pipe.  Inside  the  boiler  the  steam 
pipe  is  carried  up  towards  the  top,  and  the  feed  pipe  towards  the 
bottom  of  the  boiler.  Through  the  centre  of  the  steam  pipe,  and 
through  a  stuffing  box  is  passed  a  small  rod  (a),  fitted  with  a 
lever  (b),  on  the  end  inside  the  boiler,  to  which  is  attached  a 
hollow  metal  float  (c),  resting  on  the  surface  of  the  water  in  the 
boiler.  To  the  other  end  of  the  rod  outside  the  boiler  is  fitted 
a  lever  (d),  with  pointer  and  index  (e).  As  the  water  in  the 
boiler  rises  or  falls  so  will  the  float,  and  therefore  the  position  of 
the  handle  outside  will  show  the  height  of  water  in  the  boiler. 
Should  the  rod  stick  or  work  tight  in  the  stuffing-box,  by  turn- 
ing the  handle  (d),  the  float  will  be  pressed  into  the  water  so 
that  the  attendant  x;an  feel  the  surface  of  it  in  the  boiler.  To 
the  end  of  the  steam  pipe  outside  the  boiler  is  fitted  a  vertical 
pipe  (l),  which  has  in  the  middle  of  its  length  an  eye  (l),  accu- 
rately bored  out  to  fit  the  turned  end  of  the  steam  pipe  (j).  The 
metal  of  the  eye  is  cut  through  or  split  on  one  side,  and  the  eye 
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of  the  vertical  pipe  (l),  is  slipped  on  to  the  steam  pipe  (j),  two 
cramps  or  clips  being  placed  on  the  eye  of  the  vertical  pipe  (l), 
which  are  screwed  up  by  four  bolts,  by  which  the  steam  pipe 
(j)  is  clipped  fast.  The  lower  end  of  the  vertical  pipe  (l)  is 
bolted  to  a  flange  projecting  from  the  chair  (f),  above  referred 
to,  and  keeps  the  steam  pipe  (j)  from  turning  round  as  the  boiler 
revolves.  An  aperture  is  made  in  the  steam  pipe  (j),  to  corre- 
spond with  the  aperture  in  the  vertical  pipe  (l),  for  the  steam  to 
pass.  On  the  top  end  of  the  vertical  pipe  (l),  are  placed  two 
safety  valves  (m  m),  and  a  neck  (n)  is  provided,  to  which  a  pipe 
is  to  be  fitted  for  carrying  the  steam  to  the  engine.  On  the  ver- 
tical pipe  (l),  the  steam  pressure  gauges  can  be  fitted.  The  top 
and  bottom  parts  of  the  chairs  (f),  in  which  the  boiler  revolves 
have  a  flange  cast  on  them,  which  is  bolted  to  the  casing  to  pre- 
vent any  cold  air  entering  through  the  space  that  is  left  round 
the  necks  (d)  on  the  boiler.  The  chairs  are  cast  hollow,  and 
water  flows  through  them  by  means  of  the  pipes  {d'  d'),  to  keep 
them  cool.  At  the  smoke  end  of  the  boiler,  between  the  chair 
and  the  chimney,  is  placed  a  damper  (o),  the  frame  of  which  is 
fastened  both  to  the  chimney  and  chair. 

"  The  top  of  the  outside  casing  has  several  openings  (p  p), 
which  are  closed  by  caps  hung  by  levers  to  a  shaft  (r),  which 
runs  along  the  top  of  the  casing,  supported  by  brackets  fastened 
to  the  casing.  One  of  the  levers  is  made  with  a  long  arm  to 
which  is  hung  a  chain  or  rod,  by  which  the  caps  are  lifted  off 
the  openings.  The  use  of  these  openings  is  to  prevent  the  top 
part  of  the  boiler  being  overheated,  should  the  revolution  of  the 
boiler  be  arrested  for  a  time.  By  lifting  the  caps  cold  air  will 
rush  on  to  the  top  part  of  the  boiler  and  cool  it  down ;  it  will 
also  check  the  draft  of  the  chimney,  and  damp  the  fire  on  the 
grate.  When  the  boiler  is  at  work  the  openings  are  closed,  the 
caps  being  made  tight  by  means  of  a  sand  joint.  The  top  part 
of  the  casing  takes  off  from  the  lower  part,  should  the  boiler  re- 
quire to  be  examined ;  there  being  an  angle  iron  frame  round 
the  two  halves  of  the  casing,  by  which  they  are  screwed  together. 

"  The  inside  of  the  cylindrical  part  of  the  boiler  throughout 
the  greater  portion  of  its  length  is  divided  into  compartments  by 
radial  plates  bent  into  a  U -shape.  Of  these  divisions  there  may 
be  any  number  ;  in  the  drawing  seven  of  the  mare  shown.     The 
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U-shaped  plates  are  placed  radially  inside  the  shell,  and  be- 
tween each  arm  of  the  U  is  left  a  small  space  (h  h  h).  The 
shell  of  the  boiler  is  cut  through  to  correspond  with  these  spaces 
(h),  which  form  slots  running  the  length  of  the  cylindrical  part 
of  the  boiler.  The  lower  part  of  the  IJ-bent  plates  where  they 
meet  together  forms  a  hollow  space  in  the  centre  of  the  boiler ; 
this  and  the  small  spaces  {h),  above  referred  to,  constitute  the 
flues  of  the  boiler,  by  which  the  smoke  passes  off  to  the  chimney. 

"The  upper  arms  of  the  U  plates  and  their  ends  are  flanged, 
the  flanges  of  the  arms  are  riveted  to  the  outside  shell  of  the 
boiler,  and  the  end  flanges  have  plates  riveted  to  them,  which 
close  up  the  small  narrow  spaces  (A),  between  the  arms  of  the 
U  -plates. 

"  The  hollow  part  in  the  centre  of  the  boiler  is  closed  at  one 
end  by  a  plate,  and  opens  at  the  other  end  by  the  tube  (h),  into 
the  chimney.  The  flat  surfaces  of  the  U-bent  plates  are  sunk 
into  cups  {g  g),  of  which  there  are  two  on  the  radial  and  five  on 
the  longitudinal  length  of  the  plate.  These  cups  are  sunk  to  a 
depth  equal  to  half  the  space  {h),  between  the  plates  which  form 
the  radial  flues.  Thus  when  the  plates  are  all  fitted  together  in 
their  places,  the  bottom  of  one  cup  rests  on  the  inverted  bottom 
of  the  one  opposite,  the  cup  so  placed  serving  instead  of  stays 
to  support  the  pressure  of  the  steam.  The  spaces  (i  i)  between 
the  radial  divisions  are  occupied  by  steam  and  water,  the  level 
of  which  latter  should  not  be  higher  than  the  centre  of  the 
boiler,  but  may  be  lower. 

"The  ends  of  the  U -plates  being  flanged,  as  they  dip  and 
rise  out  of  the  water  they  will  retain  a  quantity  of  water  equal 
to  the  depth  of  the  flange.  As  the  plates  rise  into  the  vertical 
position,  this  water  will  run  off  one  plate  on  to  the  opposite  one. 
This  will  prevent  the  plates  being  burnt  whilst  they  are  out  of 
the  water,  and  the  water  on  these  plates  will  be  flashed  into 
steam,  which  coming  in  contact  with  the  heated  plates  will  be- 
come dried  and  superheated." 

G.  On  the  various  forms  of  Boilers,  the  "Mechanics'  Ma- 
gazine," under  date  Feb.  2'ith,  1S65,  has  a  leading  article,  from 
which  we  take  the  following  extracts.  After  referring  to  the 
"  loaggon  boiler,^''  generally  used  in  the  early  days  of  the  steam 
engine,  and  of  which  the  writer  remarks,  that  so  far  as  capacity 
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is  concerned,  "  we  have  not  at  the  present  time  its  superior  in 
shape,"  he  proceeds  to  describe  tlie  cylindrical  boiler  with  egg 
ends,  the  introduction  of  which  was,  he  says,  a  step  in  the  right 
direction,  so  far  as  strength  was  concerned.  The  writer  then 
passes  on  to  the  internal  flued  Cornish  boiler  with  flat  ends ; 
characterising  this  as  "  the  best  of  its  class  for  general  purposes." 
On  the  question  of  flat,  as  against  semicircular,  or,  as  we  should 
say,  semi-spherical  ends,  the  following  remarks  are  given : — 

"  Those  of  the  flat  shape  admit  of  more  heating  surface,  and  the 
curved  ends  lessen  the  capacity  of  the  boiler  in  a  given  length 
and  diameter.  There  is,  however,  no  disputing  its  superior 
strength  to  that  of  the  flat  kind.  The  construction  of  cylindrical 
boilers  is  a  subject  of  the  highest  importance.  The  stays  for 
streng'thening  the  ends  are  often  improperly  situated,  particularly 
when  angle  or  T  iron  is  used.  In  no  case  whatever  should  the 
end  stays  be  connected  to  the  internal  flue  or  flues.  Such  a 
practice  is  conducive  to  the  fact  of  strengthening  one  portion  at 
the  cost  of  weakening  the  other.  The  ends,  if  properly  stayed, 
should  be  connected  by  rods,  one,  two,  or  three  in  number,  ac- 
cording to  the  area  of  the  portion  above  the  flue  or  flues.  In 
cases  where  long  and  small  internal  flues  are  used,  they  should 
be  supported  by  suspension  stay  rods,  two  or  three  between  the 
extremities.  For  the  purpose  of  cleansing  the  boiler  the  front 
end  should  be  recessed  at  the  bottom,  to  allow  the  mud-hole  door 
being  large,  directly  under  the  flue.  This  is  preferable  to  setting 
the  boiler  slightly  inclined  towards  the  front  end.  Steam  chests, 
on  the  top  of  cylindrical  boilers,  are  of  great  advantage,  and  the 
only  cause  of  their  not  being  universally  adopted  is  the  extra 
cost  in  construction,  it  being  remembered  that  its  construction 
requires  time,  labour,  and  material,  the  two  former  more  in  pro- 
portion than  that  for  the  boiler  itself.  We  advocate  the  use  of 
steam  chests  universally ;  it  is  essential  for  the  production  of 
dry  and  pure  steam,  and  is  a  partial  preventative  of  priming." 

The  importance  of  a  rapid  raising  of  steam  has  always  been 
recognised  by  engineers,  and  very  numerous  have  been  the  at- 
tempts to  arrange  boilers  to  attain  it  economically.  Of  these 
attempts  the  article  now  before  us  gives  some  very  interesting  and 
very  suggestive  notes. 

"In  the  year  1828  a  cast-iron  boiler  was  constructed,  egg-end 
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in  shape,  thickness  of  the  boiler  about  one  inch,  two  feet  in 
diameter,  and  about  four  feet  in  length.  The  idea  was,  that, 
instead  of  half  filling  the  boiler  with  water,  it  should  be  made, 
first,  red-hot,  and,  from  jets  of  water  forced  in  at  the  end  cen- 
trally, the  steam  would  be  raised.  It  was,  however,  looked  on 
as  a  fallacy,  and  as  dangerous  in  the  extreme.  Old  people  shook 
their  heads  and  predicted  the  sudden  disappearance  of  both  boiler 
and  inventor  after  the  first  jet  of  water.  Happily,  science  pre- 
vailed over  ignorance,  and  steam  was  quickly  and  safely  produced 
amidst  the  sneers  and  fears  of  the  doubtful,  who  are  now  advo- 
cates of  the  scheme.  The  inventor  was,  as  is  too  often  the  case, 
in  possession  of  more  brains  than  capital,  and  thus  this  really 
valuable  invention  was  lost  sight  of  for  a  season.  At  the  pre- 
sent time  we  have  cast-iron  boilers  on  the  same  principle  as  that 
last  referred  to  working  with  success,  with  the  addition  of  a 
steam  chamber.  The  adoption  of  spherical  portions  of  cast-iron, 
connected  together  either  by  flanges,  bolts  and  nuts,  or  long  rods 
and  nuts,  dispensing  with  the  flanges,  has  been  used  with  much 
success.  There  is,  however,  this  practical  disadvantage  :  where 
connections  are  exposed  to  heated  gases  leakage  is  sure  to  ensue 
sooner  or  later,  and  more  particularly  with  exposed  or  uneven 
surfaces.  Consequently,  in  the  multispherical  boiler,  the  long 
bolt  connections  are  preferable  to  those  of  flanges,  and  short  bolts 
and  nuts.  It  must  not  be  overlooked,  however,  that,  in  the  case 
of  a  leakage,  disarrangement  of  the  surrounding  parts  must  ensue, 
to  make  good  the  defect.  We  now  come  to  another  feature  of 
this  class  of  boilers,  viz.,  superheating.  One  portion  of  the 
number  of  spheres  is  devoted  to  the  water,  and  the  upper  or 
remaining  portion  contains  the  steam,  it  being  understood  that 
both  are  entirely  subject  to  the  evaporating  powers  of  the  fuel  used. 
Stop-cocks  or  valves  are  sometimes  introduced,  so  that,  in  the 
case  of  fracture  or  leakage,  the  defective  part  can  be  rendered 
non-communicative  with  that  in  working  order.  Now,  it  will  be 
seen  by  this  description  that  the  first  example  of  cast-iron  boilers 
bears  no  resemblance  to  the  present  one.  We  have  had  the 
opportunity,  however,  of  inspecting  a  jet  boiler  at  present  at 
work  with  much  success.  A  series  of  pipes  forming  a  worm  are 
laid  in  a  brick  fire-place  of  suitable  construction  and  arrangement 
of  flues,  a  jet  of  water  is  forced  in  at  one  end,  and  steam  is  im- 


Boilers.]  JET  BOILER.  25 

mediately  generated  and  superheated  ere  it  reaches  the  opposite 
extremity.  A  steam  case  or  receiver  admits  the  steam  in  a  highly 
dry  or  purified  state.  The  arrangement  is  more  simple  than  the 
multispherical  mode,  on  account  of  the  lesser  number  of  con- 
nections; at  the  same  time  the  steam  can  be  generated  quicker. 
The  dangers  to  be  feared  from  the  water  being  too  low  in  the 
boiler,  in  this  last  example  are  entirely  dispensed  with,  for  when 
the  engine  ceases  to  require  steam,  the  boiler  has  ceased  to  gene- 
rate it.  There  is  not  the  least  doubt  that  this  is  the  better  mode 
of  arrangement  for  boilers  of  the  material  and  class  we  are  now 
commenting  on.  It  must  be  remembered,  however,  that  in  cast- 
iron  boilers  great  care  is  required  in  construction.  Cast-iron 
pipes,  when  broken,  often  expose  the  slipping  of  the  core,  so  that 
one  side  is  twice  the  thickness  of  that  opposite  ;  now,  for  a  boiler, 
whether  the  water  is  in  a  body  or  is  supplied  in  jets,  this  defect 
would  be  of  importance.  The  contraction  and  expansion  of  the 
'metal  would  also  be  unequal,  and  thus  greatly  deteriorate  the 
strength  of  the  apparatus.  We  are  aware  that  the  moulders  of 
the  present  day  are  fully  capable  of  sustaining  the  cores  strictly 
central,  but  that  does  not  alter  our  belief  that  defects  may  some- 
times occur  and  be  discovered  too  late.  It  is  also  well  known 
that  the  corrosion  of  cast-iron  is  not  so  rapid  as  that  of  the 
wrought  material,  neither  are  contraction  and  expansion  so  fully 
developed  in  the  former  as  in  the  latter.  These  practical  facts 
are,  of  course,  in  favour  of  cast-iron  and  its  more  general  adoption, 
and  we  advocate  its  use  for  small  boilers,  but  with  careful  con- 
struction and  arrangement. 

"With  reference  to  the  jet  system  one  great  fact  must  be  noticed, 
viz.,  a  small  quantity  of  steam  is  generated  at  once  and  at  the 
same  time  dispensed  with  into  the  receiver ;  a  self-acting  valve 
might  be  introduced  with  great  advantage  to  prevent  the  return 
of  the  steam  into  the  generator.  Having  considered  cast-iron 
boilers  and  their  applications,  we  will  return  to  those  of  wrought- 
iron.  Small  boilers,  requiring  no  setting  in  brickwork,  are  usually 
vertical  for  stationary  purposes.  The  flues  are  often  corrugated 
to  present  an  increase  of  heating  surface  in  proportion  to  the 
space  occupied.;  in  other  cases  tubes  are  introduced  to  gain  the 
desideratum  ;  we  have  also  known  vertical  flues  in  opposite  direc- 
tions (that  is,  up  and  down)  to  distribute  the  flame  with  advan- 


26  ENGINEERING  FACTS.  [Div.  I 

tage.  The  small  tubes  within  each  other,  or  double  tubular 
system,  is  correct  in  theory,  but  has  often  failed  in  practice.  It 
has  been  proved  that,  to  renew  or  cleanse  the  tubes,  necessitates 
the  entire  disarrangement  of  the  boiler.  The  internal  surfaces 
of  the  larger  tubes,  and  the  external  of  the  smaller,  are  almost 
inaccessible  for  scraping  or  cleansing,  which  operations  are  con- 
ducive to  economy.  This  proves  that  simplicity  of  arrangement 
and  accessibility  for  repair  are  the  principal  features  of  boilers, 
and  exist  in  the  Cornish  boiler  to  which  we  have  adverted. 
Makers  of  boilers  for  portable  agricultural  engines  are  undoubt- 
edly improving  their  principles  of  construction ;  we  find  the 
consumption  of  fuel  rapidly  decreasing,  but  much  yet  remains  to 
be  done  ere  perfection  is  attained.  There  is  undoubtedly  a  great 
waste  of  caloric  in  the  direct  tubular  arrangement  unless  a  great 
length  of  tube  surface  be  resorted  to,  and  the  side  return  tubular 
arrangement  greatly  reduces  the  draught,  but  with  the  great  dis- 
advantage of  two  smoke  boxes  and  an  increase  of  boiler  space. 
There  is  no  reason  why  the  fire  grate  and  box  should  not  be 
under  the  top  row  of  tubes,  the  lower  or  bottom  row  being 
shorter  than  that  of  the  top ;  the  flame  passing  through  the 
shorter  tubes  would  ascend,  pass  through  the  top  row,  and  thence 
through  the  chimney.  This  may  seem  complicated,  but  in  prac- 
tice it  would  not  be  found  to  be  so ;  this  arrangement  has  also 
the  advantage  of  an  increase  of  heating  surface  gained  in  a  small 
space,  with  the  same  accessibiUty  for  repair  as  the  ordinary  ar- 
rangement." 

7.  Small  Boilers. — A  great  help  to  the  realization  of  economy 
in  the  working  of  boilers — and  we  may  add  of  safety  also — is 
having  abundance  of  steam  room,  or  rather  general  capacity.  We 
have  met  with  many  instances  in  practice  of  the  value  of  this 
plan  of  working  steam  boilers,  and  in  a  recent  number  of  the 
**  Scientific  American,"  we  find  the  following  corroboration  of  it, 
"  A  most  striking  example  of  the  utility  of  large  boilers  and  the 
assertions  here  made  was  noticed  by  us  some  years  ago  in  a  fac- 
tory. The  proprietor  of  it  had  a  small  steam  engine  driven  by  a 
boiler  large  enough  for  two  such  engines.  That  boiler  actually 
used  less  coal  than  one  half  its  size  for  the  same  work ;  the  fire 
once  made  in  the  morning  burnt  slowly  through  the  day.  Once 
or  twice  firing  was  all  that  was  necessary,  and  the  doors  were  con- 
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tinually  ajar.  The  sluggish  combustion  was  accelerated  when 
new  fuel  was  added  by  closing  them  for  a  few  minutes.  At  night 
the  fires  were  banked,  remained  so  all  night,  and  half  an  hour 
before  work  commenced  they  were  ready  for  work.  jS'o  kindlings 
were  used  from  one  week's  end  to  the  other,  except  to  start  the 
fire  on  Monday  morning ;  no  coal  was  burned  to  heat  cold  water 
every  morning  ;  no  fuel  was  wasted,  for  it  slowly  roasted  away  to 
ashes,  and  the  burning  gases  rising  slowly  through  the  flues  and 
heating  surfaces  remained  in  contact  with  them  and  gave  forth 
their  utmost  value. 

"  Half,  if  not  more,  of  the  miraculous  economy  claimed  for 
cut-offs  for  engines  with  peculiar  pistons  ;  for  valves  with  crooked 
openings  instead  of  straight ;  for  valves  with  three-fourth  stems 
instead  of  seven-eighths,  arises  solely  from  their  engines  having 
surplus  boiler  power,  wherein  the  coal  is  thoroughly  burnt ;  where 
every  ounce  is  reduced  to  ashes — not  consolidated  to  cinder — and 
where  the  heat,  instead  of  being  discharged  at  the  smokestack  as 
soon  as  generated,  is  utilized  in  turning  water  into  steam." 

In  a  leading  article  in  the  "Engineer,"  under  date  July  21st, 
1865 — the  same  subject  is  also  taken  up  and  discussed.  Of  this 
we  give  the  following  abstract.  The  article  commences  by  pointing 
out  the  difficulties  attendant  upon  the  introduction  of  motive 
powers  requiring  large-sized  parts,  and  of  the  importance  of  com- 
pressing as  much  engine  power  into  as  small  a  size  as  possible ; 
and  thereafter  proceeds  to  the  consideration  of  the  size  of  the 
boiler — drawing  attention  to  the  reasons — more  especially  in 
force  in  crowded  cities — why  boilers  are  crushed  into  the  small- 
est of  space,  and  their  capacity  of  course  proportionally  reduced. 
"  Turn  where  we  will,"  says  the  writer,  "  indeed,  in  cities  we  find 
space  at  a  premium,  and  boilers  of  the  most  abnormal  designs 
taxed  to  twice  their  legitimate  powers,  habitually  employed  by 
those  who  know  not  which  way  to  turn  in  order  to  obtain  more 
power.  If  this  be  the  case  on  land,  matters  are  even  worse  at 
sea.  A  ship's  boilers  absorb  the  greater  part  of  the  most  valu- 
able space  on  board.  Portable  engines  of  all  kinds,  and  possibly 
locomotives,  would  gain  by  a  reduction  in  the  dimensions  of  the 
generators  from  which  they  derive  their  power.  No  man  has 
yet  ventured  to  say  how  small  a  boiler  can  be  made  to  suffice 
for  the  performance  of  a  given  duty,  and  it  is  worth  while  to 
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question  the  wisdom  of  the  policy  which  at  present  guides  the 
great  mass  of  boiler  makers,  or  rather  designers,  on  their  way. 

"  The  dimensions  of  a  boiler  are  mainly  determined  by  the 
amount  of  heating  surface  which  it  must  possess,  and  by  the 
arraxigement  of  that  surface.  It  is  quite  possible  to  produce  a 
boiler  every  portion  of  the  surface  of  which  shall  be  directly  or 
indirectly  exposed  to  the  action  of  the  furnace ;  but  it  would  be 
inconvenient,  and,  therefore,  that  portion  of  a  boiler — the  shell,  in 
fact — not  heating  surface  exerts  a  certain  influence  more  or  less 
subordinate.  We  shall  not  be  far  from  the  truth  if  we  assume  that 
the  principal  factor  of  size  is  the  heating  surface,  and  this,  after  all, 
determines  bulk  just  as  it  is  disposed.  We  may  spread  it  out  over 
acres  of  iron  plate,  or  we  may  compress  it  into  the  shape  of  a  few 
thousand  tubes  packed  in  a  box.  It  is  heating  surface  still,  and 
we  have  nothing  to  prove  that  it  is  less  efficient  in  the  one  form 
than  in  the  other.  Flue  boilers  make  steam  very  well,  so  do 
tubular  boilers ;  but  flue  boilers  occupy  much  more  space,  and 
it  is  very  far  from  being  certain  that  they  give  any  equivalent 
return  for  what  may  be  a  very  expensive  commodity. 

"  We  Qnd,  again,  that  boilers  possessing  the  same  heating  sur- 
face may  present  a  vast  disparity  in  efficiency,  according  to  the 
temperature  to  which  the  surface  is  exposed.  This  temperature 
may  depend  either  on  the  quality  of  the  fuel,  or  on  the  manner 
in  which  it  is  burned,  and  certain  conditions  being  present,  it  is 
certain  that  economy  may  be  secured  as  well  in  the  locomotive 
burning  100  lb.  of  coal  per  square  foot  of  grate  per  hour,  as  in 
the  Cornish  boiler,  burning  but  4  lb.  The  efficiency  of  heating 
surface  is  measured  by  the  difference  between  the  temperatures 
at  opposite  sides  of  the  plates.  As  these  approximate,  surface 
must  be  extended ;  as  they  depart  from  each  other,  it  may  be 
contracted  ;  and  thus  it  is  that  the  mere  size  is  not  necessarily 
conducive  to  economy.  In  order,  however,  that  a  boiler  working 
at  high  furnace  temperatures  may  be  at  once  effective  and  econo- 
mical, it  is  indispensable  that  the  circulation  within  should 
be  very  perfect.  It  is  of  no  use  to  impart  a  high  temperature 
to  a  plate  unless  water  is  present  in  quantity  to  take  it  up  and 
convert  it  into  power.  There  can  be  no  doubt  that  this  is  the 
weak  point  of  modern  boiler  engineering.  Many  of  our  locomo- 
tives are  positively  injured   in  the  attempt  to  increase  heating 
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surface  at  the  expense  of  circulation,  and  Mr.  D.  K.  Clark  de- 
serves the  thanks  of  the  profession  for  the  persistency  with  which 
he  has  pointed  out  that  heating  surface  is  one  thing,  evaporative 
efficiency  quite  another. 

"  In  order  to  produce  a  small  land  boiler  which  shall  supply 
the  want  which  exists  in  all  great  manufacturing  towns,  it  is  in- 
dispensable that  means  be  provided  for  burning  a  large  quantity 
of  coal  per  foot  of  grate — in  other  words,  for  producing  a  very 
high  furnace  temperature — and  a  good  arrangement  of  surface 
for  absorbing  the  heat  developed.  Flue  surface  is  obviously  out 
of  the  question — it  takes  up  too  much  room.  Tubes  must  be 
employed,  and  the  manner  of  their  disposition  remains  an  open 
question.  We  are  disposed  to  favour  the  "tubulous"  or  water- 
tube  arrangement.  Properly  contrived  boilers  of  this  description 
suffer  less  from  scale  than  any  others,  because  they  are  blessed 
with  a  nearly  perfect  circulation.  The  manner  of  securing  this 
circulation — of  producing  a  good  tubulous  boiler,  in  fact — long 
presented  a  problem  which  has  hardly  yet  been  completely  solved. 
Enough  has  been  done,  however,  to  prove  that  a  boiler  may  be 
made  with  water  within  the  tubes  which  shall  be  equally  efficient, 
and  yet  much  smaller  than  a  boiler  with  the  water  without  and 
the  heated  gases  within.  Years  ago  Dr.  Alban  made  a  very  good 
boiler  in  which  the  water  entered  and  the  steam  escaped  from 
the  tubes  at  the  same  end  but  at  different  levels,  suitable  plates 
being  introduced  to  keep  them  distinct.  More  recently,  Mr. 
Dickerson,  of  I^ew  York,  has  completed  a  set  of  water-tube  boil- 
ers for  the  Idaho — a  steamer  the  engines  of  which  present  much 
that  is  new,  and  a  great  deal  that  is  good.  In  these  boilers  the 
prominent  novelty  lies  in  the  steeply  inclined  position  of  the 
tubes — 2  in.  to  the  foot,  or  thereabouts — which  debouch  at  each 
end  into  a  water  space,  down  which  on  the  one  side  the  water 
constantly  descends,  while  the  steam  rises  at  the  other.  These 
generators  have  already  been  tested,  we  understand,  with  the  ut- 
most success,  and  theoretically  speaking  they  are  apparently  as 
nearly  perfect  in  design  as  boilers  can  be.  Then  we  have  the 
*  Field '  boiler,  so  called  from  the  inventor,  in  which  the  water 
tubes  are  vertical,  and  hang  over  the  furnace.  The  descending 
current  of  water  is  guided  to  the  bottom  of  the  external  tube  by 
another  of  common  tin  plate,  of  smaller  diameter,  placed  within 
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it,  and  reaching  nearly  to  the  bottom.  Such  a  device  has  been 
tried  before  now  without  success  ;  but  success  in  boiler  engineer- 
ing, as  in  most  other  things,  depends  on  trifles.  The  original 
boilers  made  years  and  years  ago,  failed  because  the  ascending 
current  drove  away  the  water  which  would  fain  have  descended ; 
the  tubes  boiled  dry,  and  were  burned  out.  Mr.  Field  appends 
a  trumpet  mouth  to  the  inner  tube,  and  thereby  deflects  the 
ascending  current  at  the  adjutage  of  the  external  tube,  and  the 
water  is  left  free  to  descend  from  above  and  take  the  place  of 
that  evaporated  below.  This  boiler  should  be  good  because  the 
circulation  is  thorough  ;  and  we  believe  that,  on  the  compara- 
tively small  scale  on  which  it  has  as  yet  been  tried,  it  has  given 
much  satisfaction.  Day  by  day  we  find,  indeed,  that  more  atten- 
tion is  being  given  to  the  production  of  small  boilers.  It  is  not 
too  much  to  say  that  the  principal  builders  of  steam  fire  engines 
in  the  metropolis  have  aided  the  cause  materially  ;  and  when  we 
find  that  Messrs.  Shand  and  Mason  have  turned  out  a  boiler 
weighing  under  one  ton,  which  has  developed  not  less  than  32 "25 
indicated  horse-power  without  expansion,  we  have  good  reason  to 
hope  that  the  day  is  not  distant  when  dwellers  in  cities  will  find 
no  difficulty  in  stowing  away  the  motive  power  of  their  factories 
and  workshops." 

8.  On  the  Materials  employed  in  the  Construction  of  Boilers. — 
In  p.  73  of  our  first  vol.  (Facts  and  Figures  for  1863)  we  gave 
some  remarks  on  the  use  of  "  steel,"  and  in  par.  9,  p.  38,  of  our 
second  vol.  (Facts  and  Figures  for  1864),  others  on  the  use  of 
"  cast-iron."  We  now  supplement  these  by  an  article  from  the 
"Scientific  American,"  under  date,  August  12th,  1865.  After 
describing  the  attempts  made  by  Mr.  Roper  of  Boston  to  reduce 
the  weight  and  size  of  steam  carriages,  the  article  proceeds  to 
describe  the  "boiler."  "  The  shell  is  30  inches  long  and  15  inches 
diameter.  It  is  a  vertical,  tubular  boiler  with  an  internal  fire- 
box, and  the  tubes  are  10  inches  long  by  ^ths  diameter.  The 
shell,  as  well  as  the  tubes,  is  made  of  steel,  and  it  is  in  the  employ- 
ment of  this  material  that  Mr.  Roper  has  been  able  to  reduce  the 
weight,  and  not  only  maintain  but  increase  the  evaporative  effi- 
ciency of  his  boiler.  The  shell  is  -j^j'h  of  an  inch  thick,  while 
the  tubes  are  only  ^^yth.  With  this  boiler  steam  has  been  raised 
in  eight  or  ten  minutes,  and  it  is  capable  of  bearing  a  pressure  of 
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90  pounds  per  square  inch  with  entire  safety.  It  supphes  all 
the  steam  necessary  for  the  two  cylinders,  and  propels  the  car- 
riage eight  or  nine  miles  an  hour  without  any  difficulty. 

"  In  this  machine  we  have  one  of  the  most  novel  steam  boilers 
ever  made.  And  it  is  a  matter  for  earnest  consideration  whether, 
in  the  employment  of  cast  steel  for  steam  boilers,  we  may  not 
only  greatly  increase  the  strength  and  reduce  the  weight,  but  also 
add  to  the  economy  of  the  apparatus,  by  facilitating  the  trans- 
mission of  heat.  To  use  a  homely  illustration,  a  thin  tea  kettle 
boils  more  quickly  than  a  thick  one ;  and,  for  the  same  reason, 
steam  boilers  with  unnecessary  heavy  flues,  flue  sheets,  fire-box 
walls  and  furnace  crowns,  transmit  less  heat  than  lighter  ones. 
The  only  danger  to  be  apprehended  in  departing  from  the  esta- 
blished time-honoured  rules  and  precedents  in  this  case,  is  in 
weakening  the  structure.  An  example  of  what  a  thin  iron  flue 
is  capable  of  sustaining,  was  shown  in  Lee  and  Larned's  steam 
fire-engine  Niagara.  This  steamer  had  a  large  vertical  boiler, 
the  tubes  in  which  were  but  ^^^th  of  an  inch  in  thickness  and 
1^  inch  diameter,  by  some  four  feet  long.  We  have  repeatedly 
seen  240  pounds  to  the  square  inch  on  this  boiler,  or  others  with 
tubes  no  larger  or  thicker.  Some  of  the  tubes  were  occasionally 
collapsed  so  flat,  however,  that  neither  steam  nor  water  could 
pass  through  them.  These  were  drawn  iron  tubes  ;  but  if  steel 
had  been  employed  they  would  not  have  failed,  because  the  latter 
metal  has  a  higher  tensile  strength. 

"Another  lesson  on  the  value  of  good  workmanship  is  given 
by  Eoper's  boiler.  To  bear  the  pressure  required  of  them,  the 
tubes  must  necessarily  be  small  in  diameter.  They  were,  there- 
fore, all  drilled  and  turned,  and  were  thus  homogeneous  through- 
out. Such  a  method  of  making  a  steam  boiler  is,  of  course,  ex- 
pensive ;  but  if  the  evaporative  efficiency  is  increased  thereby, 
as  it  is,  it  is  only  a  question  of  first  cost,  for  the  money  returns 
in  the  future  by  the  fuel  saved. 

"  The  rapidity  with  which  heat  is  transferred  from  one  sub- 
stance to  another  is  directly  in  proportion  to  the  difference  of 
temperature  between  them. 

"  The  conducting  power  of  steel  is  lower  than  that  of  iron ; 
the  former  being,  according  to  experiment  made  by  Weideman 
and  Franz,  224  ;  while  steel  is  but  218.     But  this  difference  is 
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80  small  as  to  be  of  no  moment,  and  is  wholly  nullified  when 
the  tensional  strength  of  the  two  metals  is  considered ;  for,  by 
taking  advantage  of  the  superior  virtue  of  steel  we  can  make  a 
structure  much  lighter  of  it,  for  a  given  strength.  Moreover,  in 
a  cast-steel  boiler,  the  rapidity  with  which  heat  would  be  trans- 
mitted through  the  thin  walls  would  be  less  likely  to  burn  the 
exposed  parts — the  tube,  sheet  and  fire  box  crown- — than  in  the 
comparatively  slow  action  of  thick  iron  plates. 

"  Very  many  persons  confound  strength  with  weight,  and  sup- 
pose that,  because  a  number  of  pounds  of  material  are  added  to 
a  certain  part,  a  corresponding  increase  of  strength  is  obtained, 
Nowhere  do  we  find  this  more  prominently  illustrated  than  in 
steam  boilers ;  too  often  the  essential  points  of  safety  are  ne- 
glected, while  those  which  bear  no  strain  are  heavy  in  the  ex- 
treme. 

"  It  is,  therefore,  with  a  view  to  promote  the  efficiency  of  steam 
apparatus  and  economy  in  its  use  that  we  suggest  further  experi- 
ments in  this  direction.  Cast-steel  of  fine  texture,  well  riveted 
and  annealed  very  low,  would  seem,  from  the  experiment  of 
Roper,  capable  of  sustaining  great  pressure.  We  doubt  if  a 
boiler  30x15  inches  was  ever  made  which  furnished  so  much 
steam,  or  was  capable  of  evaporating  so  much  water  in  proportion 
to  its  size,  as  this  one.  If,  by  a  corresponding  increase  in  the 
thickness  of  the  plates  and  the  external  dimensions,  boilers  can 
be  built  of  proportionate  strength,  a  great  economy  of  space 
would  result  in  sea-going  ships." 

9.  The  form  of  Marine  Boilers. — In  an  article  by  Mr.  N.  P. 
Burgh,  in  the  "Mechanics'  Magazine," — under  date  March  3d, 
1865, — much  valuable  information  is  given  on  the  above  sub- 
ject ;  of  this  we  give  the  following  abstract.  After  pointing  out 
that,  although  much  has  been  done  of  late  years  to  improve  marine 
boilers,  still  there  is  ample  room  for  farther  improvements  being 
introduced ;  the  writer  jiroceeds  to  classify  boilers  of  this  class 
into  two  sub-classes,  "  high," — this  class  being  used  in  commer- 
cial steam,  and  "  low," — this  being  used  in  the  war  steam  vessels. 
The  shape  of  the  boiler  is  much  influenced  by  that  of  the  Iiull, 
but  generally  the  form  used  is  the  "  square-shaped  shell,'  the 
cylindrical  being  used  but  rarely,  except  for  gun  boats  or  barges. 
As  regards  strength,  the  cyUndrical  is  superior  to  the  square  shell 
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After  sundry  remarks  upon  the  heating  surfaces  of  marine  boilers 
tlie  writer  proceeds  to  describe  the  "peculiar  forms"  as  at  pre- 
sent used.  "  The  high  boiler,  as  well  known,  has  the  tubes  di- 
rectly over  each  fire-box  ;  the  combustion  chamber  being  in  some 
cases  in  one  compartment  and  in  others  separate  for  each  set  of 
tubes,  which  is  undoubtedly  the  better  plan.  When  the  com- 
bustion chamber  extends  the  entire  length  of  the  tube  space 
there  is  a  loss  of  water  spaces  and  heating  surfaces,  and  at  the 
.same  time  a  difficulty  in  constructing  the  connection  of  the  fire- 
box with  the  chamber.  Some  makers  have  lately  preferred  the 
separate  arrangement  on  account  of  its  being  the  better  for  com- 
bustion and  repair  ;  but  in  the  case  of  renewal  of  the  tubes  the 
chamber,  when  in  one  compartment,  may  be  said  to  admit  of 
more  room  for  the  operations  of  the  workman.  We  have  stated 
that  the  portion  of  the  boiler  below  the  fire-grate  is  of  little  or 
no  use  for  evaporating  purposes ;  such  being  the  case  we  often 
see  boilers  M^th  the  water  spaces  between  the  fire-boxes  at  the 
sides  and  that  at  the  bottom  dispensed  with.  There  may  be  ob- 
jections to  this  arrangement  on  the  ground  that  the  space,  when 
exending  over  the  entire  bottom  of  the  boiler,  acts  as  a  recep- 
tacle for  the  sediment,  whereas,  when  the  spaces  are  at  the  sides 
only,  the  sediment  collecting  thereat  may  be  the  means  of  de- 
stroying the  fire-boxes  by  burning,  corrosion,  &c.  When  distilled 
water  is  used  for  the  feed  there  need  be  no  apprehension  about 
the  collection  of  the  sediment ;  but  where  river  water  is  used 
in  its  natural  state,  a  constant  collection  accumulates,  requiring 
periodically  to  be  blown  out.  As  regards  the  fire-boxes  of  the 
boilers  now  in  question,  in  many  cases  they  are  made  too  low 
directly  over  the  fuel.  Combustion  requires  space  to  commence 
its  operations.  As  before  stated,  all  gases  have  a  tendency  to 
ascend  ;  consequently,  this  should  be  one  of  the  natural  laws  the 
designer  of  boilers  should  study  as  much  as  the  space  allowed 
will  admit." 

After  referring  to  the  question  of  smoke  consumption  in  niarine 
boiler  furnaces,  the  writer  concludes  with  the  following  upon  low 
boilers.  ''Cylindrical  boilers,"  he  says,  "are  not  universal  Their 
arrangement  is  as  follows :  the  fire-box  being  in  the  front  part 
of  the  boiler,  and  the  tubes  arranged  beyond,  similar  to  the  pre- 
sent arrangement  for  locomotives,  it  is  needless  almost  to  state 
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that  there  is  a  waste  of  caloric  in  this  arrangement,  unless  boilers 
of  an  increased  length  are  used.  The  next  arrangement  of 
cylindrical  boilers  that  has  come  under  our  notice  is  that  in  which 
the  fire-box  and  the  flue  are  extended  the  entire  length  of  the 
boiler,  minus  the  combustion  chamber ;  the  tubes  are  arranged 
over  and  partially  around  the  passage  alluded  to,  the  flame  and 
heated  gases  returning  back  to  the  smoke-box,  directly  over  the 
fire  end  of  the  flue,  or  rather  the  front  end  of  the  boiler.  Such 
an  arrangement  required  an  increase  of  area  in  the  boiler  trans- 
versely, to  that  of  the  former  example,  in  order  to  preserve  suffi- 
cient steam  space,  which,  be  it  remembered,  should  be  attended 
to  in  all  cases." 

9a.  Marine  Loiu  Boilers — Long  and  Shoi't  Tubes. — In  the 
"Mechanics'  Magazine,"  under  date  of  April  14th,  1865,  in  an 
article  on  the  above  subject,  there  are  some  very  suggestive  re- 
marks on  the  importance  of  "  maintaining  the  position  both  of 
engines  and  boilers  below  water  line."  In  another  article  (see 
preceding  par.  in  the  present  section),  the  writer  advocated  the 
adoption  of  high  boilers  in  vessels  in  preference  to  the  low  class ; 
but  of  course  in  vessels  only  of  sufficient  tonnage  to  admit  of  the 
boiler  being  below  water  line.  In  war  vessels  it  is  clearly  of  the 
utmost  importance  to  have  the  boiler  out  of  the  reach  of  shot. 
"Low"  boilers  for  vessels,  as  now  used,  are  divided  into  classes, 
those  with  "direct"  and  those  with  return  tubes.  In  Fig.  3,  a  form 
of  low  boiler  is  illustrated ;  before  describing  this  the  writer  dis- 
cusses the  relative  advantages  of  long  and  short  tubes.  "  It  has 
been  practically  demonstrated  that,  when  heated  gases  proceed 
with  great  velocity  through  short  tubes,  the  temperature  of  the 
surface  is  much  below  that  in  those  of  greater  length.  The  cause 
for  this  is,  of  course,  due  to  the  time  the  flame  or  heated  gas  re- 
mains in  the  tube.  Take,  for  example,  the  heating  department 
of  a  sugar  factory,  where,  by  a  series  of  pipes  or  a  worm  in  the 
stove,  a  great  temperature  can  be  maintained  with  economy.  Also 
for  refrigerators  the  long  piping  or  tubing  is  superior  to  the 
shorter  arrangement.  Surface  condensers  afford  practical  evi- 
dence that  a  long  tube  is  preferable  to  a  short  one.  Now,  as 
regards  the  diameter  of  the  boiler  tubes,  we  advocate  2^  in.  as  a 
minimum  and  3  in.  as  a  maximum.  When  reference  was  made 
to  worms  it  was  not  meant  that  that  shape  would  be  applicable 
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for  boilers.  At  present  we  allude  to  boiler  tubing  in  respect  of 
its  action,  not  of  its  construction.  In  this  arrangement  (Fig.  3), 
it  will  be  understood  that  the  fire-boxes  are  at  opposite  positions, 
centrally,  of  the  transverse  section  of  the  boiler.      The  flame  and 
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heated  gases  pass  from  the  combustion  chamber  through  the 
tubes  arranged  on  each  side  of  the  fire-boxes,  the  return  or  exit 
being  through  the  tubes  at  the  sides  of  the  boiler,  and  thence  to 
the  smoke-box  situated  centrally  of  the  same.  By  this  arrange- 
ment simplicity  of  construction  and  repair  is  attained,  whilst  the 
tubular  surface  is  doubled,  with  equal  action  and  space.  Another 
important  gain  is,  that  the  flame  has  to  pass  through  four  sets  of 
tubes  ere  it  reaches  the  smoke-box ;  the  flame  also  having  to 
split  in  the  combustion  chamber,  is  properly  equalized  in  power 
and  draught.  Tlie  distribution  of  the  heating  surfaces  and  water 
spaces  within  the  shell  of  the  marine  boiler  (particularly  the  low) 
is  a  matter  of  the  greatest  importance.  We  know  of  boilers 
where  the  crown  of  the  fire-box  is  much  above  the  upper  row  of 
tubes  ;  such  an  arrangement  imparts  unequal  evaporation  ;  hence 
the  partial  cause  of  priming,  &c. ;  there  is  also  great  danger  to 
the  vital  portion  of  the  boiler  in  the  case  of  the  water  being  too 
low.  It  is  not  unusual  to  see  the  gauge  glass  full  one  minute 
and  the  next  empty.  The  reasons  for  distributed  and  equal 
heating  surfaces  are,  therefore,  apparent.  As  we  have  given  a 
plan  only  of  the  boilers,  it  will  be  necessary  to  state  that,  in  the 
case  of  tig.  3,  the  repair  or  renewal  of  the  tubes  relating  to  the 
smoke-box  is  eftected  by  a  door  on  its  top,  near  to  or  at  the  top 
of  the  boiler,  care  being  taken  to  allow  sufticient  space  for  the 
manipulation  of  the  tools  required.  "With  reference  to  the  ar- 
rangement of  the  stays,  the  advantages  in  the  examples  given  are 
equal,  all  the  parts  assisting  each  other  in  relation  to  the  pressure 
imposetl." 

SEKJTION    SECOND. 

10.  The  Appliances  of  Boilers  and  their  Practical  Manage- 
ment.— The  reader  will  fljid  in  our  vols,  for  1863  and  1864, 
many  valuable  remarks  in  connection  with  this  important  de- 
partment of  boikr  engineering.  An  able  article  under  the  sug- 
gestive title  of  ''Boiler  Guardians,"  in  the  "Mechanics'  Magazine," 
under  date,  April  14th,  1865,  goes  pretty  fully  into  the  points 
connected  with  safety  valves,  and  of  which  we  liere  give  an  ab- 
stract. After  pointing  out  that  although  great  attention  has 
been  paid  by  inventors  to  this  class  of  boiler  appliances,  and  the 
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forms  of  apparatus  introduced  have  many  of  them  presented 
much  tliat  was  valuable  ;  nevertheless,  with  all  that  ingenuity  has 
devised  or  "  can  devise,  it  has  not  yet  succeeded  in  producing  such 
articles  as  satisfy  all  the  conditions  required  of  them.'  But  per- 
fect as  such  appliances  may  be  or  are,  it  is  obvious  enougli,  as 
pointed  out  by  the  writer  of  the  article,  that  much  depends  upon 
their  management  by  those  attendant  upon  the  working  of  tlie 
boiler.  Against  recklessness  and  mismanagement  there  is,  and 
can  be  really,  no  mechanical  preventative.  We  regret  that  space 
does  not  admit  of  our  reproducing  the  excellent  remarks  of  the 
writer  on  this  point,  and  can  therefore  only  refer  the  reader  to 
tlie  article  itself,  and  i  ass  on  to  the  more  immediate  department 
of  our  remarks.  The  causes  that  bring  about  boiler  explosions 
have  been  by  a  pretty  widely  extended  experience  shown  to  be 
two  chiefly ;  these  are,  "  first,  a  pressure  of  steam  exceeding  that 
which  the  boiler  is  calculated  to  withstand,  and,  next,  a  deficiency 
of  water.  The  former  is  due  to  the  safety-valve  being  inopera- 
tive, insufficient,  or  improperly  tampered  with  ;  the  latter  either 
to  neglect  and  inattention  on  the  part  of  the  engineraan,  or  to 
the  usual  fittings  being  out  of  working  order.  Deficiency  of 
wafer  is  the  immediate  cause  of  a  great  number  of  steam  boiler 
explosions,  and  even  where  boilers  do  not  explode  they  are  often 
seriously  injured  from  this  cause,  and  their  term  of  usefulness 
materially  shortened.  The  primary  cause  of  deficiency  of  water 
is  evaporation,  which  leaves  the  naked  plate  to  the  action  of  the 
fire,  thus  weakening  the  boiler,  the  heated  part  being  unable  to 
stand  the  ordinary  pressure.  Deficiency  of  water  has  also  oc- 
curred from  many  other  causes,  such  as  the  pumps  getting  out  of 
order,  or  from  dirt  finding  its  way  into  the  valves  and  pipes,  the 
engineman,  too,  being  deceived  by  the  sticking  of  the  float  wire, 
from  wear  in  the  packing,  and,  very  frequently,  from  erroneous 
indications  of  the  glass  gauge  caused  by  the  stoppage  of  the 
thoroughfare  to  the  boiler  or  the  taps  being  tampered  with.  In 
cases  where  gauge  taps  only  have  been  in  use,  the  engineman 
has  been  deceived,  when  on  opening  the  tap  the  water  has  primed 
and  come  out  even  when  deficient  in  its  height  in  the  boiler. 
Xow  to  remedy  all  these  defects  and  to  guard  against  mishap  is 
the  province  of  the  fittings  under  consideration,  but  Avhere  do 
tliey  act  up  to  their  requirements  ?     As  a  rule,  they  cannot  cope 
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with  all  the  exigencies  referred  to,  and  were  they  to  do  so  there 
is  no  guarantee  for  their  efficiency  if  ignorance  or  wilfulness  step 
in  and  upset  them.      It  is  true  another  guardian  has  long  been 
added  in  the  shape  of  a  fusible  plug,  which  is  supposed  to  be 
infallible,  inasmuch  as  it  is  beyond  the  reach  of  tampering,  and 
is  so  constructed  and  placed  that  its  proper  action  appears  in- 
evitable.     But  the  many  explosions  which  have  occurred  where 
the  fusible  plug  is  adopted  are  a  proof  of  its  inefficiency.      Some 
boilers  are  fitted  with  a  gauge  of  novel  description,  which  admits 
of  the  interior  of  the  boiler  being  seen  while  in  actual  work. 
This  is  accomplished  by  a  glass  eye  piece,  the  boiler  being  illu- 
minated by  means  of  a  light  shed  through  a  lens  which  lights 
up  the  whole  interior  of  the  boiler,  and  shows  the  surface  of  the 
water  in  ebullition.      But  this,  and  all  other  contrivances,  how- 
ever ingenious,  are  of  no  use  against  carelessness  or  wilful  neglect. 
As  far  as  the  apparatus  is  concerned  the  object  is  to  have  such 
as  possess  neither  spindles,  guides,  rubbing  surfaces,  nor  parts 
liable  to  stick,  and  which  cannot  fail  to  indicate  truly,  according 
to  its  functions,  either  the  state  of  the  steam  pressure  or  of  the 
water  level  when   the   one  or  the   other  is   in  a  condition  from 
which  damage  may  be  apprehended,  and  which  at  the  same  time 
.sliall  be  so  constructed  and  placed  as  to  render  abortive  any  at- 
tempts to  tamper  with  them.      If  these  conditions  can  be  com- 
plied with  in  one  instrument  which  is  ap})licable  both  to  steam 
and  water  purposes,  an  evident  advantage  must  accrue.      Hopkin- 
son's  compound  safety-valve  appears  to  answer  these  conditions. 
It  comprises  two  distinct  valves,  a  large  5^  in.  diameter  valve 
Avith  flat  face  and  a  spherical  or  ball-faced  valve  3  in.  diameter ; 
the  smaller  or  ball  valve   seating  upon  the  centre  of  the  larger 
one.     The   larger  valve  is  weighted  by   nieans  of  a   lever   and 
ball,  as  in  the  common  safety-valve  ;  there  is  an  iron  bridge  or 
cover  casting  which  fits  to  it,  and  forms  the  centre  for  the  centre- 
pin  to  give  pressure  upon  the  valve  enclosed.     Resting  upon  tlie 
centre  of  the  large  valve  is  the  ball  valve,  which  is  weighted  by 
a  dead  weight  inside  the  boiler,  the  dead  weight  being  composed 
of  cast-iron  plates.     When  the  steam  exceeds  the  pressure  this 
ball  valve  is  weighted  to,  it  escapes  through  the  openings  in  the 
bridge  casting   into  the  dome  or  shell,  and  out  into  the  atmo- 
sphere.    As  soon  as  the  ball  valve  lifts  from  its  seat  the  larg« 
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one  lifts  from  its  seat,  and  thus  a  double  discharge  is  given  to 
the  excessive  steam.  The  feature  here  presented  is  of  importance, 
inasmuch  as  an  opening  or  discharging  area,  equal  to  ordinary 
safety-valve  of  8-^  in.  diameter,  is  obtained.  The  valve  cannot 
be  weighted  beyond  its  working  pressure  whilst  the  boiler  is  at 
work ;  should  an  attempt  be  made  to  weight  the  lever  it  would 
be  useless,  so  long  as  the  ball  valve  is  there ;  and  even  should 
the  ball  valve  be  weighted  intentionally  whilst  the  boiler  is  stand- 
ing for  cleaning,  &c.,  it  may  instantly  be  detected  by  placing  the 
ball  on  the  lever  in  its  ordinary  working  place  ;  as,  by  getting 
up  steam,  such  tamperings  and  their  extent  will  be  discovered 
by  the  marks  on  the  lever ;  when  the  boiler  is  at  work  it  defies 
any  tamperings.  The  steam  can  be  blown  oft"  as  with  any  other 
valve.  Its  next  feature  is  an  improved  arrangement  for  noting 
the  deficiency  of  water,  for  which  purpose  a  lever  is  suspended 
in  the  boiler ;  the  rod  which  bears  the  weight  for  the  ball  valve 
passes  through  a  large  hole  in  the  centre  of  this  lever.  On  this 
rod  is  fixed  a  disc  which  is  arranged  so  as  to  allow  two  lugs  on 
the  lever  to  come  in  contact  with  it.  One  end  of  the  lever  or 
beam  suspended  in  the  boiler  bears  a  large  float,  the  opposite  end 
having  a  balance  weight  to  counteract  the  buoyancy  of  the  float 
when  immersed  in  the  water,  and  to  keep  the  tip  of  the  lever 
up  against  the  under  side  of  the  top  of  the  boiler;  the  float  is 
immersed  in  the  water  to  such  a  depth  as  is  called  low  water 
mark.  When  the  water  begins  to  leave  the  float  its  weight  acts 
upon  the  end  of  the  lever,  which  turns  upon  a  centre ;  the  lugs 
are  brought  into  contact  with  the  disc  on  the  rod,  and  the  valve 
is  raised  from  its  seat.  Should  the  water  still  get  lower  the 
valve  continues  to  rise,  and  will  do  so  until  the  supply  brings  it 
again  to  its  proper  height.  Should  the  warning  be  disregarded 
the  steam  will  be  all  discharged  from  the  boiler,  and  explosion 
rendered  impossible, 

"  This  valve  was  designed  to  prevent  the  careless,  the  ignorant, 
or  the  wanton,  from  causing  either  injury  to  the  boiler,  or  boiler 
explosions,  and  from  its  extensive  use  may  be  inferred  its  effi- 
ciency. But  that  it  can  be,  and  sometimes  is,  tampered  with, 
proves  the  difficulty  of  dealing  with  the  class  of  men  just  referred 
to.  A  case  in  point  came  under  the  notice  of  Mr.  Longridge, 
who  reports  the  examination  of  a  boiler  in  which  it  was  found 
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by  calculation  that  a  small  lever  safety  valve,  with  which  it  was 
provided,  was  loaded  to  106  lbs.  per  square  inch,  although,  ac- 
cording to  the  gauge,  steam  blew  off  freely  at  62^  lbs.  pressure. 
The  owner  disputed  the  accuracy  of  the  calculations,  and  ap- 
parently with  some  reason,  inasmuch  as  steam  blew  off  at  the 
same  time  from  one  of  Hopkinson's  valves,  with  which  the  boiler 
was  also  provided,  the  pressure  graduated  on  the  lever  being  oidy 
60  lbs.  per  square  inch.  On  subsequent  examination,  however, 
it  was  discovered  that  this  valve  was  overloaded  by  extra  weights 
attached  to  the  lever  inside  the  boiler,  and  that  the  pressure 
gauge  indicated  43^  lbs.  less  than  the  actual  pressure.  The  extra 
weights  had,  of  course,  been  attached  unknown  to  the  owner,  and 
not  improbably  under  the  impression  that  the  actual  load  on  the 
valve  did  not  exceed  that  indicated  by  the  gauge.  This  is  only 
one  of  a  number  of  similar  incidents  which  form  a  striking  com- 
ment on  the  pertinacity  with  which  men  will  stick  to  bad  habits, 
and  show  that  engineering  vices  are  as  ineradicable  as  any  others, 
and  that  if  they  cannot  be  indulged  in  openly  they  will  be  on 
the  sly. 

"  Another  boiler  guardian — and  one  to  which  this  name  has 
been  given — was  exhibited  by  Featherstonhaugh  and  Wise,  and 
received  honourable  mention,  in  the  Exhibition,  1862.  The 
contrivance  is  very  simple,  and  its  objects  are — to  regulate  the 
action  of  the  feed  pump  so  that  the  water  shall  be  maintained 
at  a  nearly  uniform  level ;  to  show  the  height  of  water  in  the 
boiler ;  and,  in  case  the  water  level  falls  below  a  certain  line,  to 
call  attention  to  the  fact  by  sounding  an  alarm.  The  apparatus 
consists  of  a  copper  float  attached  to  a  lever  within  the  boiler,  to 
which  is  connected  a  small  gun-metal  slide  (working  at  the  back 
of  a  dial  plate  outside  the  boiler),  which  rises  and  falls  with  the 
float,  and,  when  the  water  level  is  slightly  in  excess  of  the  mean 
height,  opens  a  port  whereby  air  or  steam  is  admitted  to  the 
suction  pipe  or  working  barrel  of  the  feed  pump,  thereby  suspend- 
ing its  action  until  the  falling  of  the  float  shuts  off  the  air  or 
steam  and  causes  a  vacuum  to  be  again  formed  in  the  pump. 
But  if,  notwithstanding  the  shutting-off  of  the  air  or  steam,  the 
pump  from  any  cause  fails  to  act,  the  continued  falling  of  the 
float  and  slide  opens  a  port  and  admits  steam  to  a  whistle,  which 
at  once  makes  known  the  fact.     The  index  needle  is  worked  by 
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means  of  a  pin  projecting  forward  from  the  face  of  the  slide.  Tlie 
apparatus  requires  that  only  one  small  round  hole  should  be 
made  in  the  boiler,  and  it  can  be  affixed  or  removed  in  a  few 
minutes;  the  feed  pump  connection  consists  simply  of  a  small 
copper  tube."  We  follow  up  these  remarks  by  a  few  notes  upon 
boiler  appliances  recently  introduced. 

11.  M.  Carres  dioptrical  water-gauge.  — '*  The  distinguished  la- 
bours," says  a  writer  in  the  "  Practical  Mechanics'  Journal,"  "  of 
M.  Carre,  resulting  in  the  successful  completion  of  his  ice  pro- 
ducer, which  occupied  so  important  a  position  in  the  French  de- 
partment of  the  International  Exhibition,  1862,  appear  by  no 
means  concluded,  for,  with  the  view  of  ascertaining  more  per- 
fectly the  level  of  the  liquid  employed  in  that  apparatus,  he  has 
devised  a  new  form  of  gauge,  the  application  of  which  is  not,  how- 
ever, confined  to  the  ice  producer  especially.  Its  peculiar  features 
especially  adapt  it  as  a  substitute  for  the  ordinary  water-gauge  of 
steam-boilers,  the  great  disadvanges  and  anomaly  of  action  belong- 
ing to  which  have  been  previously  pointed  out  by  the  present 
writer  in  the  "  Practical  Mechanics'  Journal." 

"  The  gauge  now  under  notice  has  been  patented  in  this 
country,  and  maybe  obtained  from  F.  D.  F.  Leblanc,  102  Fleet 
Street,  London.  Its  general  arrangement  may  be  briefly  men- 
tioned thus: — In  one  modification  the  gauge-glass  is  enveloped 
in  a  metallic  casing,  in  which  a  series  of  holes  are  perforated,  the 
axis  of  any  two  opposite  holes  being  exactly  coincident.  Although 
the  use  of  a  metallic  casing  as  a  protection  for  the  glass  tube 
against  fracture  from  accidental  blows  is  by  no  means  new — the 
writer  having  employed  it  many  years  since  for  this  purpose — 
still,  from  the  peculiar  manner  in  which  M.  Carre  has  adapted 
it,  it  serves  another  very  important  purpose — dependent  in  com- 
bination with  the  tube,  for  the  certainty  of  making  true  observa- 
tions, upon  a  correct  application  of  some  of  the  principles  and 
laws  of  optical  science. 

"  When  the  perforated  casing  and  tube  are  combined,  those 
portions  of  the  tube  visible  through  the  perforations  become  a 
series  of  lenses,  which  when  the  tube  is  empty,  produce  the  effect 
of  a  cylindrical  lens,  but,  when  filled  with  water,  its  power  is 
that  of  a  bi-convex  spherical  lens. 

"  Upon  looking  through  the  orifices,  both  above  and  below  the 
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Fig.  4. 


water  level,  the  axially  coincideut  holes  present  two  difFereut  ap- 
pearances— in  the  former  case,  the  opposite  holes  appear  elliptical 
in  form,  the  main  axis  being  situated  vertically — whilst,  in  the 
latter,  they  appear  in  their  true  shape,  circular.  There  are  other 
modifications  of  this  unique  invention,  but  for  general  purposes, 
the  practical  adaptability  of  that  one  to  which  reference  is  made, 
appears  to  assign  to  it  the  most  deserving  consideration,  and  on  that 
account  these  remarks  are  confined  to  it  alone.  The  objections  to 
the  ordinary  glass  tube  water-gauge  might  almost  assume  the 
name  of  legion,  the  greatest  of  which  is  the  impossibility  of  de 
termining  with  certainty  the  true  level  of  the  water  in  the  boiler. 
A  boiler  may  be  greatly  too  full,  still  the  gauge  has  been  known, 
in  endless  instances,  to  appear  quite  empty.  On  the  other  hand, 
the  gauge  may  indicate  a  full  boiler,  when  in  reality  the  steam 
is  low. 

"  It  is  perfectly  true  that  these  objections  are  not  altogether 
overcome  by  the  dioptrical  gauge,  for  those  constructive  features 
of  ordinary  gauges,  causing  the  anomalous  indica- 
tion of  water  level — as  pointed  out  in  the  previ- 
ous article  on  this  subject — are  in  it  not  removed ; 
and  the  writer  ventures  to  believe  that  the  period 
is  not  very  far  distant  when  an  ordinary  plate  of 
glass  of  sufficient  thickness  to  resist  any  casualty 
of  over-pressure  will  be  fixed  into  the  boiler  pro- 
per, with  suitable  shutting-ofF  apparatus,  by  the 
adoption  of  which  true  indications  of  water  level 
must  result,  and  any  anomaly  arising  from  the 
possibility  of  fracture  would  be  entirely  avoided.*' 
In  Fig.  4,  we  give  a  diagram  of  one  form  of 
this  water-gauge,  in  which  A  is  the  hole  over  the 
empty  part ;  L,  hole  over  the  meniscus  ;  C,  hole 
over  the  full  part.  "  A  rather  thick-sided  glass 
tube  can  be  looked  upon  when  empty,  as  a  cylin- 
drical lens,  which  is  the  double  equivalent  of  a 
spherical  lens,  scientifically  termed  in  French 
menisque  concave  or  peiiscopique  concave  ;  when 
filled  with  water,  however,  the  glass  tube  gets  to 
be  the  equivalent  of  a  bi-convex  spherical  lens. 
From  this  it  follows  that  the  holes  in  the  casing 
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appear,  in  the  part  containing  no  water,  under  the  form  of  an 
ellipse,  the  major  axis  of  which  is  parallel  to  the  axis  of  the  tube, 
while  the  portions  full  of  water  show  a  transverse  ellipse." 

12.  Location  of  Steam  Gauges  and  Indicators. — ''A  corre- 
spondent of  the  *  Scientific  American '  states  that  he  has  two  steam 
boilers  connected  by  a  pipe,  which  is  furnished  with  a  stop  valve 
for  closing  the  communication  between  the  boilers.  He  recently 
had  the  valve  closed,  and  found  that  the  pressure  in  one  boiler 
was  50  lb.  to  the  square  inch,  and  in  the  other  20  lb.  On  opening 
the  valve  the  pressure  immediately  rose  to  65  lb.  It  would  be 
interesting  to  have  further  particulars  in  regard  to  this  experi- 
ment, but  with  our  present  light  we  are  inclined  to  attribute  the 
surprising  result  to  the  location  of  the  gauge  in  such  a  position 
that  it  was  acted  upon  by  the  current  of  steam  in  its  passage 
from  the  high  pressure  boiler  to  the  lower. 

"  The  action  of  currents  of  steam,  though  familiar  to  engineers 
in  other  situations,  seems  to  have  been  strangely  overlooked  in 
its  effect  upon  gauges  and  indicators.  Clark,  in  his  most  able 
work  on  the  locomotive,  states  that  repeated  observations  showed 
the  pressure  to  be  greater  in  the  steam  chest  than  in  the  boiler ; 
and  he  remarks  that,  from  the  carefulness  with  which  the  obser- 
vation was  made,  and  the  perfection  of  the  instruments,  it  is  as 
difficult  to  doubt  the  statement  as  it  is  to  believe  it.  There  may 
be  difficulty  in  doubting  the  statement,  but  to  believe  it  is  simply 
impossible.  Steam  will  not  flow  from  a  vessel  of  lower  pressure 
into  a  vessel  of  higher  pressure.  There  must  have  been  some 
error  in  the  observation,  and  a  very  probable  cause  of  this  was 
the  location  of  the  gauge  in  such  position  that  it  received  the 
impact  of  the  swiftly  moving  current  of  steam  which  rushes  from 
the  boiler  into  the  steam  chest.  Currents  of  steam  may  operate 
not  only  to  raise  the  mercury  in  a  gauge,  but  also  to  lower  it  so 
as  to  indicate  no  pressure  whatever,  even  in  engines  working 
steam  at  a  pressure  of  30  lb.  or  40  lb.  to  the  inch.  This  effect 
is  produced  by  inserting  the  gauge  pipe  at  right  angles  to  the 
current  of  steam,  when  the  steam  is  drawn  out  of  the  pipe  by 
the  friction  of  the  passing  current,  and  we  may  even  have  the 
indication  of  a  partial  vacuum." 

13.  The  Injector. — A  great  deal  has  been  written  and  said 
upon  the  subject  of  the  injector,  its  operation  and  utility  ;  and 


44  ENGINEERING  FACTS.  [Div.  I. 

very  diverse  indeed  have  been  the  opinions  upon  these.  Mr. 
Robinson,  who,  in  the  works  of  tlie  makers  of  the  injector  in 
this  country,  has  had  a  large  experience  in  connection  with  its 
l)ractical  working  in  almost  all  conceivable  forms  of  use,  recently 
road  a  paper  before  the  British  Association,  from  which  we  tak(^ 
the  following  extract  and  illustrations: — "Although  much  has 
been  written  and  considerable  discussion  has  arisen  as  to  the 
mode  of  operation  of  Mr.  Giffard's  injector,  there  still  seems  to 
exist  sufficient  difference  of  opinion  on  this  point  to  warrant  the 
introduction  into  this  paper  of  some  words  on  the  theoretical 
action  of  the  instrument. 

"This  action  maybe  stated  generally  thus : — Steam  is  taken  from 
the  steam  space  of  any  boiler  ;  by  means  of  the  injector  the  water 
supply  is  brought  into  contact  with  the  steam  current,  and  the  result, 
in  the  shape  of  hot  water,  is  passed  into  the  water  space  of  the  boiler. 

"  How,  then,  having  equal  pressure  in  all  parts  of  a  boiler,  does 
a  fluid  not  only  pass  in  the  shape  of  a  current  from  one  part  to 
the  other,  but  at  the  same  time  carry  with  it  another  fluid  ex- 
posed to  atmospheric  pressure  only?  A  description  of  the 
apparatus  will  help  to  the  apprehension  of  the  phenomenon,  and 
u  drawing,  Fig.  5,  on  a  large  scale,  is  exhibited  for  this  purpose. 

"  The  chief  organs  of  the  instrument  are  a,  the  steam  cone  ;  A. 
the  combining  cone  ;  c  the  receiving  cone.  Through  a  the  steam 
flows  from  the  pipe  d  in  connection  with  the  boiler,  the  quantity 
being  adjusted  by  the  regulating  spindle.  To  the  combining 
cone  h  the  water  is  admitted  by  the  supply  pipe  /,  where  it 
joins  the  steam  arriving  through  the  cone  a,  the  proporti<jn  of 
water  being  regulated  by  the  rise  and  fall  of  the  cone  a  within 
the  cone  h.  The  mouth  of  the  cone  c  is  placed  at  a  fixed  inter 
val  from  the  smallest  end  of  the  combining  cone  h,  from  which 
it  receives  the  steam  resulting  from  the  contact  of  the  steam  and 
water  in  b,  and  conveys  it  at  a  gradually  diminishing  velocity 
into  the  boiler  through  the  pipe  (j.  The  unit  of  area  is  that  of 
the  smallest  diameter  of  the  receiving  cone  r,  which  being  1,  the 
diameter  of  b  is  13,  and  that  of  «  1*4  to  15,  according  to  the 
steam  pressure  employed,  the  corresponding  areas  being — of  r, 
•7854;  ofb,  1-327;  a,  1-539  to  1767.  It  will  thus  be  seen 
that  the  area  for  the  admission  of  steam  is  double  that  which  re- 
ceives the  condensed  steam  and  water. 
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^^o- 5.  "Keeping  this  in  mind,  the 

next  consideration  is  the  velocity 
of  the  currents  concentrated  in 
the  apparatus.  Assume  a  steam 
pressure  of  60  lb.  in  the  boiler, 
the  velocity  of  the  steam  current 
into  cone  a  would  be  1,712  ft. 
per  second,  that  of  the  water 
into  cone  b  nil,  and  that  of  the 
hot  water  from  the  boiler,  if  al- 
lowed to  escape  through  the  cone 
c  into  the  atmosphere,  78  ft.  per 
second. 

"  It  is  evident,  therefore,  that 
to  gain  admission  to  the  boiler, 
the  steam  flowing  into  cone  c 
must  do  so  at  a  greater  velocity 
than  the  outflowing  current  from 
the  boiler.  The  two  elements 
for  giving  this  superior  velocity 
are,  first,  the  initial  velocity  of 
the  steam  issuing  from  cone  a, 
diminished  by  its  contact  witli 
and  condensation  by  the  supply 
water  in  cone  h,  but  aided  by 
the  superior  area  of  the  lower 
part  of  the  steam  cone  a,  and  its 
concentration  by  the  arrange- 
ment of  the  apparatus  on  to  the 
inferior  area  of  the  smallest  sec- 
tion of  cone  c.  The  mode  of 
setting  the  apparatus  to  work  is 
as  follows: — 

"  1.  Turn  the  handle  g,  Fig.  6, 
(see  p.  48)  to  the  position  suited 
to  the  steam  pressure  in  the 
boiler,  thus  adjusting  the  annular 
space  between  cones  a  and  h. 
2.  Turn  slightly  the  wheel  d,  which  will  pass  a  small  quan- 
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tity  of  steam  through  the  apparatus  until  water  is  seen  to  issue 
from  the  overflow  pipe  I. 

"  As  soon  as  this  happens,  continue  to  turn  upwards  the  wheel 
d  until  the  overflow  ceases,  and  thus  give  full  liberty  to  the  steam 
to  act  upon  the  water,  and  drive  it  into  the  boiler  through  the 
cone  c. 

"  If,  however,  after  having  turned  the  wheel  d  to  the  extent 
of  its  range,  the  overflow  still  continues,  it  should  be  stopped  by 
reducing  the  quantity  of  water  by  the  handle  g.  The  injector 
is  working  properly  when  there  is  no  dropping  from  the  overflow 
pipe,  and  no  more  steam  is  admitted  than  is  absolutely  necessary 
to  prevent  that  dropping. 

"  The  quantity  of  water  delivered  into  the  boiler  may  be  re- 
duced by  turning  down  the  wheel  d,  and  then  following  with  the 
handle  g,  until  the  overflow  stops  again. 

"  The  following  experiments,  made  with  an  injector  of  8  in.  in 
diameter  of  receiving  cone,  will  illustrate  the  capabilities  of  the 
apparatus : — It  will  be  easily  understood  that  the  acquisition  of 
an  apparatus  capable  of  supplying  water  to  steam  boilers  without 
motion  of  any  of  its  parts,  and  independently  of  any  engine  con- 
nected with  it,  is  a  matter  of  great  importance  to  the  users  of 
steam  power  generally,  and  has  proved  almost  essential  to  some 
particular  arrangements  of  boilers  and  engines.  For  locomotives 
the  advantage  has  been  very  considerable,  inasmuch  as  it  is  most 
important  that  the  machinery  of  engines  running  at  such  high 
velocities  should  be  freed  from  the  apparatus  and  repairs  neces- 
sary when  their  boilers  are  fed  by  pumps  worked  by  the  engine. 
The  advantage  also  is  obtained  of  feeding  the  boiler  while  the 
locomotive  is  at  rest  either  in  the  station  or  during  its  detention 
in  a  siding  waiting  for  the  line  to  be  cleared.  For  this  purpose, 
5,230  have  been  manufactured  in  this  country.  For  stationary' 
boilers  the  inj(?ctor  has  been  found  convenient,  because  of  the 
saving  of  the  pipes  and  other  communication  from  the  boiler  to 
the  engine-room,  the  suppression  of  the  pumps  and  the  parts  of 
the  engine  necessary  to  work  them,  and  the  advantage  of  being 
able  to  All  up  the  boilers  during  meal  hours  and  at  other  times 
when  the  engine  is  stopped.  For  this  purpose  3,816  have  been 
made  in  this  country. 

*'  For  marine  boilers  the  apparatus  is  most  convenient,  since  it 
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answers  generally  the  purpose  both  of  the  main  engine  pumps 
and  of  the  donkey  pump,  and  brings  the  control  of  the  feeding 
apparatus  within  reach  of  the  stokers  without  reference  to  the 
engine-room,  and  without  the  noise  and  complication  of  the 
donkey  pump.  In  a  similar  form,  and  also  in  the  ordinary  in- 
jector arrangement,  the  principle  has  been  applied  for  raising 
water  from  mines  and  wells,  the  inducement  being  the  cheapness 
and  simplicity  of  the  apparatus  when  probably  its  use  would 
need  to  be  only  temporary ;  and  in  other  cases  the  small  space 
and  easy  manipulation  required  have  been  thought  a  sufficient 
inducement  to  apply  it  where  fuel  has  been  cheap,  and  the  los.s 
by  waste  of  heat  in  the  water  elevated  of  little  consideration.  .  .  . 

"  It  was  afterwards  found  that  the  long  diverging  tube  or  cone 
was  not  necessary  to  the  success  of  the  apparatus,  and  the  lengtli 
of  this  organ  was  therefore  reduced  to  that  shown  in  Fig.  6,  and 
still  retained.  An  inconvenience  arose,  especially  in  the  case  of 
boilers  working  a  very  high  pressure,  from  the  rapid  deterioration 
of  the  packing  H  above  the  steam  cone  A.  This  was  sought  to 
be  obviated  in  an  arrangement  in  which  the  steam  cone  is  fixed 
and  the  combining  and  receiving  cones  are  moved  with  each 
other,  being  attached  by  a  cylinder." 

On  the  same  subject  a  paper  was  read  before  the  Institution 
of  Civil  Engineers,  by  Mr.  T.  England,  from  which  we  take  the  fol- 
lowing extract  bearing  upon  a  metliod  of  working  the  injector 
on  the  Western  Railway  of  France,  introduced  by  M.  Turck. 
"  Steam  was  maintained  to  the  indicated  pressure  of  9^  atmo- 
spheres ;  going  down  inclines,  the  boiler  was  filled  to  the  maxi- 
mum water  level,  and  it  was  supplied  during  stoppages  at  stations, 
care  being  taken  to  arrive  with  low  water.  In  those  stations 
where  the  engine  had  to  remain  for  some  hours  before  starting, 
the  steam  was  at  2,  or  at  most  3  atmospheres ;  and,  as  soon  as 
the  engine  was  shunted,  the  injectors  were  set  to  work  to  fill  the 
boiler,  using  up  the  steam — which  would,  with  pumps  and  with- 
out a  donkey  engine,  be  wasted — to  0.  There  were  engine-men 
who,  when  the  steam  was  blown  off,  which  seldom  happened, 
were  enabled  to  heat  the  water  in  the  tender,  and  who,  by  feel- 
ing on  the  inclines  and  at  stations,  saved,  as  compared  with  the 
same  boilers  fed  with  pumps,  but  without  a  donkey  engine,  a 
kilogramme  and  a  half  of  fuel  per  kilometre. 
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"  The  test  of  tlie  injector  appeared  to  be,  its  comparison  with 
an  apparatus,  such  as  Mr.  Beattie's,  which,  abstracting  its  first 
cost  and  that  of  maintenance,  by  utilising  the  heat  of  the  ex- 
liausted  steam,  and  by  delivering  the  water  at  the  boiling  point, 
was  asserted  to  effect  a  saving  of  fuel  to  the  extent  of  13  J  per 
cent.,  as  compared  with  any  process,  other  than  that  of  the  in- 
jector, delivering  feed  water  at  the  temperature  of  50  degs. 
The  apparatus  was  described,  but  it  was  contended  that  this 
method  did  not  effect  a  saving  of  more  than  9  per  cent.  To  set 
against  this  there  was  the  excess  of  first  cost  and  of  main- 
tenance, the  greater  liability  to  accidents,  and  the  increase  of 
back  pressure.  These  were  deemed  to  be  so  considerable  that 
most  railway  companies,  both  at  home  and  abroad,  now  adopted 
the  injector  for  all  new  engines. 

"  It  was  observed  that  the  application  of  this  instrument  as 
an  elevator  opened  a  wide  field  for  its  employment ;  and  in  con- 
clusion a  list  was  given  of  all  that  had  been  published  in  Finance 
and  in  this  country  relative  to  the  injector,  which,  with  the  ex- 
ception of  the  information  furnished  by  M.  Turck,  had  formed 
the  data  on  which  the  paper  had  been  prepared." 

14.  Gmnerer's  Safety-valvG  Balance. — The  following  descrip- 
tion and  illustration  of  this  effective  appliance  we  take  from  the 
"Scientific  American."  "This  simple  and  durably-constructed 
balance,  illustrated  in  Fig.  7,  was  originally  intended  for  locomo- 
tive engines,  but  can  also,  with  great  advantage,  be  used  on 
marine  engines,  or  any  place  where  a  dead  weight  is  objectionable. 

"  It  is  well  known  that  a  dead  weight  on  a  safety-valve  lever 
is  the  most  desirable  and  safest,  wherever  it  can  be  applied ;  but 
on  locomotive  boilers,  which  rest  on  springs,  it  cannot  be  used, 
as  its  action  on  the  valve  would  be  influenced  by  the  vibrations 
continually  occurring.  On  marine  boilers,  where  weights  are  still 
in  use,  the  rolling  of  the  ship  occasionally  makes  it  necessary  to 
lash  the  levers  down  until  the  weather  moderates,  thereby  de- 
stroying the  only  virtue  of  the  valve.  Spring  balances,  as 
generally  made,  are  more  or  less  objectionable,  on  account  of  the 
springs  becoming  stiffer  as  the  valve  rises.  Various  plans  have 
been  adopted  to  overcome  the  defect  by  regulating  the  strength 
of  the  springs,  thereby  depending  on  the  vigilance  of  the  en- 
gineer to  prevent  the  pressure  from  getting  too  great ;  whereas, 
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the  balance  here  illustrated,  requires  no  attention  whatever  when 
in  use  as  an  increase  over  the  allotted  pressure  cannot  take  place. 
"The  arms,  A  A,  can  rise  as  much  as  the  safety  valves  may 
require,  without  additional  pressure,  which  makes  this  balance 
equal  in  efficiency  to  a  dead  weight.     An  example  will  make  the 
disadvantages  of  spring  balances  now  in  use  more  apparent.     ^  or 
instance,  if  a  safety-valve  lever  is  held  down  by  a  spring  the 
other  end  of  which  is  fastened  to  the  boiler  or  some  other  fixed 
noint  the  lever  cannot  rise  without  increase  of  power  over  and 
above  the  pressure  it  was  calculated  for ;  and  if  the  propor^'^};^« 
for  length  of  lever  are  as  1  to  10,  then  the  valve  cannot  be  lifted 
one-eicrhth  of  an  inch  without  raising  the  end  of  the  lever  ten 
times 'one   eighth,  or  U  inch-which  distance  is,  on  the   or 
dinary  spring  balance,  equal  to  28  lbs. ;  and  ten  times  28,  or  280 
lbs    on  the  valve.     Now.  if  we  have  a  valve  of  2i  inches  di- 
ameter, or  4-9  square  inches  area,  the  additional  pressure  would 
be  57  lbs   per  square  inch  to  Uft  said  valve  only  one  eighth  of 
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an  inch  off  its  seat.  Under  such  circumstances  it  ceases  to  be 
reliable,  and  requires  watching  and  regulating  to  avoid  over- 
pressure or  accident. 

"  The  advantages  of  this  improved  balance  are  in  the  peculiar 
lever  arrangement,  by  which  the  above  enumerated  faults  are 
avoided.  The  arms  of  the  levers.  A,  inside  of  the  casting,  B 
(see  Fig.  7),  from  the  fulcrum  to  the  springs,  are  at  an  angle  with 
the  outside  arms ;  and  an  upward  movement  of  these  outside 
arms  is  accompanied  by  a  corresponding  downward,  and  also  an 
inward  movement,  of  the  inside  arms  resting  on  the  springs ; 
therefore,  the  more  the  springs  are  compressed  the  shorter  the 
effective  length  of  the  inside  arms  will  be,  thereby  increasing  the 
power  of  the  outside  arms  in  the  same  proportion  as  the  springs 
get  stiffer  from  compression,  thus  enabling  them  to  rise  the  re- 
quired distance  without  increase  of  power.  The  rod  C  is 
fastened  by  a  set  screw  to  any  distance  from  the  fulcrum,  accord- 
ing to  the  pressure  required.  Close  behind  this  rod  a  small  pin 
can  be  put  through  the  arm,  to  prevent  the  engineer  from  in- 
creasing the  pressure  beyond  what  the  boiler  was  intended  to 
carry  ;  but  as  much  of  the  arms  as  is  not  in  the  way  of  anything, 
may  be  allowed  to  protrude,  for  the  purpose  of  decreasing  the 
pressure,  should  any  accident  to  the  boiler  make  it  desirable  to 
do  so.  To  keep  up  a  uniform  pressure  of  steam  is  considered 
far  less  injurious  to  a  boiler  than  the  sudden  changes,  produced 
by  slacking  or  screwing  down  safety-valve  levers.  Such  changes 
will  not  take  place  where  the  improved  balance  is  used. 

"The  springs  are  made  of  hard  brass  wire,  expressly  drawn 
for  these  balances,  and  are  not  liable  to  corrosion,  as  is  the  case 
mth  steel  springs ;  and,  being  compressed  when  working,  are  far 
less  liable  to  break  or  to  lose  their  elasticity. 

"  These  balances  have  been  in  use  for  more  than  a  year  on 
several  of  our  leading  railroads,  where  they  give  entire  satis- 
faction." 

15.  Salinometers. — "  Sea  water,"  says  a  writer  in  the  "English 
Mechanic,"  "contains  a  certain  quantity  of  salt,  in  the  proportion 
of  1  lb.  of  salt  to  32  lbs.  or  33  lbs.  of  water,  and  as  all  the  water 
evaporated  is  fresh,  all  the  salt  is  left  in  the  boiler,  which  would 
cause  its  destruction  if  not  removed.  This  is  done  by  blowing 
out,  at  intervals,  a  portion  of  the  partly-saturated  water  from  the 
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boiler.  Scale  is  not  formed  in  a  boiler  until  the  water  has  reached 
a  certain  degree  of  saltness,  and  if  it  is  kept  beloAv  that  point,  the 
l)oiler  will  be  kept  clean  ;  but  if  allowed  to  get  above,  incrusta- 
tion takes  place,  and  continues  as  long  as  it  is  above.  Hence 
the  necessity  of  keeping  the  water  in  the  boiler  at  a  proper  and 
uniform  degree  of  saltness,  resulting  in  a  saving  of  fuel  as  well 
as  a  saving  of  the  boiler. 

"  In  most  steamers  a  much  greater  quantity  of  hot  water  is 
blown  off  than  is  necessary,  and  even  then  the  boilers  are  not 
kept  clean,  because  it  is  not  always  blown  at  the  proper  time. 
Large  quantities  of  hot  water  are  often  blown  off  when  not  neces- 
sary ;  and,  at  other  times,  when  water  ought  to  be  blown  off  it 
is  not  done,  except  there  be  means  for  ascertaining  when  it  is 
necessary,  or  how  much  is  required  to  be  blown  off.  The  means 
which  are  at  present  in  many  cases  employed  for  this  purpose 
are  altogether  insufficient  and  unreliable,  as  they  do  not — as  they 
ought — enable  the  engineer  in  charge  at  once  to  ascertain  the 
density  of  the  water.  In  order  to  do  this  he  must,  firstly,  draw 
water  from  the  boiler  into  a  tin  or  copper  can,  next  insert  therein 
a  hydrometer  and  then  a  thermometer.  In  heavy  weather  this 
is  no  easy  task.  Often  the  hydrometer  alone  is  used,  and,  as  it 
is  graduated  for  a  certain  temperature,  should  the  tempemture  of 
the  water  not  correspond  therewith,  a  guess  must  be  made,  and, 
as  might  be  expected  from  tliis  haphazard  way  of  working,  either 
good  water  is  wasted,  or  the  boiler  is  burned.  In  some  steamers 
a  potato  or  a  piece  of  coal  is  said  to  supply  the  place  of  the 
hydrometer.  Thus,  that  which  in  the  interest  of  the  steam-ship 
owner  should  be  the  tirst  point  of  attention  both  for  saving  of  fuel 
and  prevention  of  injury  to  the  boiler,  seems  to  be  thought  by 
some  a  matter  of  no  importance.  It  will  be  obvious,  from  what 
we  have  said  above,  that  any  arrangement  of  instrument  devised 
for  indicating  the  density  of  water  in  marine  steam  boilers  should 
be  so  connected  with  the  boiler,  that  a  constant  flow,  or  current, 
may  be  maintained  through  it,  and  the  indication  of  both  ther- 
mometer and  hydrometer  at  any  time,  and  at  a  glance,  *  read  off,' 
also  that  some  means  should  be  provided  for  regulating  the  supply, 
so  as  to  maintain  the  water  in  the  salinometer  at  a  given  tem- 
perature— that  for  which  the  hydrometer  is  graduated  ;  in  short, 
the  saUnometer  should  be  simple  in  its  construction,  and  certain 
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Fig.  8. 


in  its  action,  and  indicate  at  all  times  the  exact  degree  of  saltness 
of  tlie  water  in  the  boiler.  Thus  the  quantity  of  water  necessary 
to  be  blown  off  might  be  regulated  with  certainty,  and  reduced 
to  the  smallest  amount  consistent  with  the  safety  of  the  boiler, 
and  for  economy  of  fuel 

"Long's  Patent  Salinometer  is  shown  in  section  in  Fig.  8. 
j\rr.  Long  claims  the  improvement  of 
attaching  the  cylinder  A  to  the  cylin- 
der B,  with  a  communication  C,  for 
the  purpose  of  ensuring  the  safety  of 
tlie  hydrometer,  and  preventing  its 
violent  oscillation — perfect  accuracy 
in  testing  the  density  of  water  is  said 
to  result,  and  the  engineer  is  protected 
from  danger  by  scalding.  The  cylin- 
der A  is  connected  with  the  boiler  by 
the  pipe  and  stopcock  D,  the  pipe 
being  closed  at  the  top,  and  having 
openings  E  near  the  upper  extremity. 
The  water  coming  from  the  boiler,  and 
passing  the  stopcock  D,  rises  in  the 
pipe,  and  flows  through  the  opening 
F.  The  water  falls  into  the  cylinder 
A,  passes  through  the  opening  C,  and 
rises  to  the  water  level  G,  in  both 
cylinders  ;  H  is  an  overflow  pipe  to 
carry  off  the  surplus  Avater,  and  to 
keep  up  a  sufficient  current  to  main- 
tain the  water  to  be  tested  at  the  re- 
quired temperature.  By  turning  the 
stopcock  I,  both  cylinders  can  be  dis- 
charged. J  is  a  thermometer  fitting 
in  a  slide,  K  is  the  hydrometer,  L  is  the  cover  for  closing  the 
case  when  not  in  use,  and  I  is  a  bracket  for  securing  the  instru- 
ment to  the  boiler,  bulkhead,  or  other  suitable  place.  This  in- 
strument aftords  a  ready  means  of  drawing  water  from  a  steam 
boiler  under  any  pressure  and  temperature  without  any  ebullition 
in  the  cylinder  B,  or  oscillation  to  the  hydrometer." 

16.   Clark'' a  Thimble  for  Boiler  'Tubes. — In  Fig.  9  we  give 


ENGINEERING  FACTS. 


[Div.  I. 


54 

various  views  of  this  simple  arrangement  which  has  been  in  use 
in  various  steamers,  and  with  great  success.  "  Fig.  A  represents 
the  combined  ferrule  in  place,  the  object  being  to  prevent  leakage 
and  guard  against  the  evils  resulting  from  expansion  and  con- 
traction of  the  tube  ends  when  hot  and  cold  alternately. 

Fig.  9. 


"The  common  thimbles  used  for  this  purpose  are  of  cast-iron 
and  in  a  single  piece  ;  these  are  of  iron  or  brass,  generally  ii-on, 
and  effect  the  object  much  more  perfectly  by  expanding  the  tube 
eauallv  on  both  sides  of  the  sheet.  Ihe  several  figures,  C,  B, 
and  I)  show  the  inside  and  outside  ferrules-one  slipping  within 
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the  other  in  an  obvious  manner.  When  a  leak  is  found  in  the 
boiler  the  practice  is  to  slip  the  inner  ferrule,  A,  in  the  tube, 
previously  coating  it  with  cement  composed  of  white  and  red 
lead.  The  outer  thimble  or  gland,  B,  is  then  put  in  and  driven 
lu)me,  when  the  tube  is  quickly  expanded  and  the  leak  stopped. 
The  tube  will  never  after  require  calking,  and  may  always  be 
kept  tight  by  this  method.  These  ferrules  do  not  interfere  with 
sweeping  the  tubes  at  any  time." — Scientific  American. 

17.  Wet  Steam. — On  this  important  subject  we  give  an  ab- 
stract of  an  able  paper  given  under  date  Oct.  13th,  1865,  in  the 
"  Engineer."  After  pointing  out  that  the  use  of  wet  in  place  of 
dry  steam  is  the  cause  of  a  large  annual  loss  of  fuel,  and  advert- 
ing to  those  who  have  a  difficulty  to  see  what  difference  there 
can  be  or  is  between  so-called  varieties  of  steam,  the  writer  pro- 
ceeds : — "  In  one  sense  it  is  perfectly  true  that  *  steam  is  steam  ' 
and  nothing  else ;  but  that  which  passes  into  the  cylinder  of  an 
engine  is  not  always,  nor  even  often,  true  steam.  On  the  con- 
trary it  is  a  vapour  saturated  up  to  the  very  dew  point,  or  holding 
in  suspension  free  water  either  coming  over  directly  from  the 
boiler  in  the  form  of  insensible  priming  or  spray,  or  resulting 
from  the  condensation  of  a  portion  of  the  steam,  either  within 
the  pipes  of  communication  or  the  valve  chest  itself.  It  is  ab- 
solutely impossible  to  procure  steam  otherwise  than  in  a  saturated 
condition  from  ordinary  boilers  without  superheating  apparatus, 
and  even  though  the  contrary  were  the  fact,  and  steam  perfectly 
desiccated,  although  unsuperheated,  could  be  procured,  the  very 
performance  of  work  v/ithin  the  cylinder,  expended  in  propelling 
the  piston,  would  suffice  to  abstract  so  much  heat  as  would  lead 
to  the  condensation  of  sufficient  steam  to  render  all  the  ramainder 
wet.  The  heat  required  to  evaporate  a  single  pound  of  water  is 
equivalent  to  745,812  foot  pounds,  and  conversely,  in  practice 
for  every  745,812  lb.  raised  one  foot,  1  lb.  of  steam  will  be  re- 
converted into  water.  If  this  work  be  performed  in  one  minute 
it  is  equivalent  to  a  minute  fraction  more  than  22 '6  horse-power; 
and  we  may,  therefore,  assume  that  for  every  22  6  indicated 
horse-power  exerted  by  a  moving  piston,  1  lb.  of  steam  must  be 
converted  into  water  behind  it  per  minute ;  and  this,  be  it  ob- 
served, without  the  aid  of  any  cooling  influence  whatever.  The 
heat  latent  in  the  steam  is  transmuted  into  work ;  we  may  have 
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either  heat  or  work  as  we  please,  bat  we  cannot  have  both  to- 
gether.    The  quantity  of  moisture  thus  produced  is,  of  course, 
comparatively  small ;  its  influence  is  none  the  less  important. 
The  presence  of  a  single  drop  of  water  within  a  cylinder  is  cer- 
tain to  induce  the  presence  of  two  or  three  others ;  and  the  fact 
tliat  a  single  pint  of  water  per  minute  is  deposited  within  the 
cylinder  of  a  20-horse  engine  will  satisfactorily  account  for  the 
consumption  of  possibly  one-fourth  more  fuel  than  would  other- 
wise suffice      There  is  nothing  mysterious  in  this.      In  order  to 
obtain  the  highest  possible  results  from  steam,  it  is  indispensable 
that  it  should  be  kept  as  hot  as  possible  ;  but  the  heat  may  escape 
in  two  ways,  one  tangible  and  evident  to  the  senses,  and  there- 
fore  commonly   observed   and  provided  against ;  the   other  in- 
tangible,  not   apparent  from  external   evidences,  and  therefore 
usually  unthought  of.     The  latter  mode  of  escape  is,  neverthe- 
less, infinitely  the  more  important  of  the  two.     The  first  is  merely 
radiation  from  the  surface  of  the  cylinder  and  pipes ;  yet  unless 
the  cylinder  be  exposed  to  currents  of  air,  whether  clothed  or 
not,  the  loss  from  this  source  is  compai-atively  trifling.     By  care- 
ful clothing  it  may  easily  be  reduced  to  about  1  per  cent.,  a  quan- 
tity practically  inappreciable.     The  other  mode  by  which  heat 
escapes  is  by  a  species  of  convection  through  the  waste  port  into 
the  condenser  or  the  atmosphere.     This  has  been  expressed  by 
saying  that  heat  *  radiates '  into  the  condenser,  or  the  atmosphere. 
Such  a  statement  is  erroneous  in  every  respect ;  no  radiation  in 
the  true  sense  of  the  term  can  possibly  take  place  round  the 
angles  of  the   passages  permitting  the  steam  to  escape.     The 
lieat  docs  not  radiate.      It  is  carried  away  bodily  by  the  escaping 
steam,  which  absorbs  it  from,  and  thereby  cools  down,  the  metal 
of  the  cylinder  and  piston.     It  may  here  be  asked,  will  not  the 
steam  carry  away  heat  whether  it  be  wet  or  dry '?     The  answer 
must  be  in  the  negative  as  fiir  as  i*egards  the  cylinder.      It  is 
true  that  the  steam  in  escaping  will  bring  with  it  all  the  caloric 
proper  to  itself.      If  it  be  dry,  its  influence  extends  no  further, 
because  the  gases,  wliPii  dry,  are  the  woi-st  known  conductors  or 
absorbers   of  heat.      The   presence,   however,  of  a  very  minute 
quantity  of  moisture  suffices  to  render  them  the  best  known  con- 
ductors, and  in  this  lies  the  principal  reason  why  moist  sti^am  is 
wasteful  of  fuel.     With  it  the  temperature  of  the  cylind(^r  can 
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only  be  maintained  by  the  expenditure  of  much  steam  at  the 
commencement  of  each  stroke,  caloric  being  conveyed  away  to 
the  condenser  or  the  atmosphere  with  astonishing  rapidity  during 
the  latter  part  of  the  exhaust.  With  perfectly  dry  steam,  on  the 
contrary,  very  little  effect  would  be  produced  upon  the  metal, 
which  would  retain  its  temperature  nearly  constant  during  the 
exhaust,  and  would,  therefore,  not  require  to  be  warmed  up  again 
at  the  expense  of  the  entering  steam  at  the  beginning  of  each 
stroke.  It  will  be  perceived,  too,  that  if  this  warming  up  be 
effected  by  steam  already  saturated  to  its  dew  point,  the  least 
abstraction  of  heat  must  infallibly  lead  to  the  deposition  of 
moisture  on  the  metallic  surfaces,  and  although  a  part  of  this  will 
be  re-evaporated  during  the  latter  part  of  the  stroke  subsequent 
to  the  closing  of  the  cut-off  valve,  it  is  certain  that  the  steam 
which  fills  the  cylinder  at  the  conclusion  of  the  stroke  cannot 
fail  to  be  saturated.  Whether  the  steam  is  absolutely  dry  or  no, 
there  is  a  constant  tendency  to  the  transmission  of  heat  from  the 
cylinder  to  the  condenser.  '  With  true  steam,  which  is  analogous 
to  a  permanent  gas  in  all  its  characteristics,  the  tendency  is  very 
feeble  it  is  true,  still  it  is  obvious  that,  unless  the  fluid  has  a 
little  free  heat  which  it  can  spare  in  order  to  dry  up  the  moisture 
due  to  the  performance  of  the  work,  radiation  proper,  &c.,  it 
cannot  leave  the  cylinder  otherwise  than  moist,  and  in  the  fact 
that  superheating  supplies  this  spare  caloric  is  to  be  found  the 
principal  reason  why  it  is  conducive  to  economy.  The  argument 
commonly  brought  forward  in  favour  of  the  principle,  viz.,  that 
water  which  would  otherwise  pass  into  the  cylinder  as  such  i.s 
evaporated,  and  the  whole  volume  of  steam  thereby  increased,  no 
doubt  possesses  much  force.  Yet  it  is  certain  that  this  augmen- 
tation of  volume  cannot  alone  account  for  the  excellent  results 
frequently  obtained  from  the  use  of  the  apparatus ;  and  it  is 
known,  on  the  other  hfind,  that  the  simple  application  of  appur- 
tenances by  the  aid  of  which  the  water  was  mechanically  separated 
from  the  steam  before  it  entered  the  cylinder,  has  led  to  a  con- 
siderable saving  of  fuel  in  many  instances.  According  to  Dr. 
Hay  craft's  experiments,  indeed,  a  saving  of  as  much  as  25  per 
cent,  may,  under  exceptional  circumstances,  be  realized  by  the 
aid  of  a  proper  separating  apparatus  alone. 

The  best  means  of  drying  steam  has  hardly  yet  been  satisfac- 
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torily  determiued.  Not  only  does  a  great  difference  of  opin- 
ion exist  as  to  points  involved  in  the  construction  of  super- 
heating apparatus,  properly  so  called,  but  even  as  to  the  place 
where  the  dr}dng  is  to  be  effected  as  well.  Shall  we  dry  the 
steam  before  or  after  it  enters  the  cylinder  1  In  other  words, 
shall  we  enclose  the  cylinder  in  a  jacket  of  superheated  steam, 
or  shall  we  work  superheated  steam  through  it  directly?  No 
general  answer  can  properly  be  given.  Much  must  depend  on 
the  character,  good  or  bad,  of  the  boiler.  If  this  last  be  giveor 
to  priming  and  producing  steam  charged  to  excess  with  moisture, 
superheating  apparatus  cannot  well  be  dispensed  with ;  but  with 
good  boilers,  working  dry  steam,  jackets  will  answer  a  better 
purpose.  It  is  very  easy  with  the  ordinary  apparatus  to  over- 
heat the  steam,  and  thereby  lead  to  the  destruction  of  the  valve 
faces,  &c. ;  with  the  jacket  this  is  hardly  possible.  The  pipes 
or  chambers  commonly  found  in  superheaters  wear  out  more 
quickly  than  is  desirable,  and  frequently  give  much  trouble, 
especially  when  they  are  exposed  to  be  suddenly  cooled  down  by 
water  boiling  over  into  them  during  priming,  and  a  leaking  joint 
is  of  course  intolerable  in  an  apparatus  exposed  to  considerable 
pressures.  For  these  reasons,  among  others,  superheaters  are 
seldom  used  to  supply  jackets  only,  although  high  measures  of 
expansion  could  be  resorted  to  with  the  aid  of  these  last  alone, 
in  nearly  every  case  where  the  boiler  is  tolerably  good.  It  is 
therefore  worth  considering  whether  or  no  very  excellent  results 
might  not  be  obtained  by  superheating  a  portion  of  the  waste 
steam,  and  filling  the  jackets  with  this.  The  heating  might  with 
safety  be  carried  to  almost  any  point  in  reason,  and  as  the  most 
moderate  pressures  would  suffice,  even  fire-clay  tubes  might  be 
used  instead  of  iron  in  the  superheater.  As  the  loss  of  this 
steam  could  do  no  harm,  a  leak  would  be  of  very  little  conse- 
quence. As  jackets  are  now  used,  a  certain  waste  is  inseparable 
from  their  action.  Some  steam  must  be  condensed  within  them, 
in  order  that  a  great  deal  of  steam  may  not  be  condensed  within 
the  cylinder.  This  would,  of  course,  be  saved  by  using  the  ex- 
haust steam  as  we  have  suggested.  Nor  is  it  to  be  imagined  that 
more  condensing  water  would  be  required.  On  the  contrary,  as 
the  whole  quantity  of  steam  passing  through  the  machine  would 
be  reduced  for  the  same  power,  the  condensing  water  would  also 
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be  reduced,  and  even  were  this  not  so  it  would  be  easy  to  with- 
draw only  a  certain  portion  of  the  exhaust  steam  for  the  supply 
of  the  jackets,  the  remainder  being  dealt  with  as  usual.  Any 
great  refinement  in  the  heating  apparatus  would  be  unnecessary  ; 
it  would,  therefore,  be  exceedingly  inexpensive,  both  in  construc- 
tion and  maintenance,  while  excellent  results  would  undoubtedly 
follow  on  its  use,  especially  in  the  case  of  engines  having  a  long 
stroke,  and  running  at  a  slow  speed." 

SECTION  THIRD. 

18.  Wear  and  tear  of  Boilers — Causes  which  deteriorate 
them — Preservation  of  Boilers. — In  this  department  the  leading 
feature  of  the  year  was  the  reading  of  an  elaborate  paper — be- 
fore the  Society  of  Arts,  London — by  Mr.  Fred.  Arthur  Paget, 
C.E.,  on  *'The  Wear  and  Tear  of  Steam  Boilers."  Of  this  we 
now  present  an  abstract  to  our  readers. 

(a)  ^^  The  direct  effects  of  the  pressure  of  the  steam. — In  calcu- 
lating the  working  strength  of  a  cylindrical  boiler,  the  plates 
are  assumed  to  be  under  a  static  load,  and  to  be  submitted 
to  a  tensile  strain.  The  former  of  these  assumptions  is  seldom, 
and  the  second  is  never  correct.  There  are  two  principal  causes 
that  tend  to  exert  impulsive  strains  on  the  sides  of  a  boiler : — 
1.  The  sudden  checking  of  the  current  of  steam  on  its  way  from 
the  boiler  to  the  cylinder;  2.  Quick  firing,  attended  with  too 
small  a  steam  room ;  and  both  may  sometimes  be  found  to  act 

in  combination According  to  Dr.  Joule,  the  mere 

dead  pressure  of  an  elastic  fluid  is  due  to  the  impact  of  its  in- 
numerable atoms  on  the  sides  of  the  confining  vessel.  When 
the  motion  of  a  current  of  steam  is  suddenly  checked,  as  by  the 
valve  in  its  passage  from  the  boiler  to  the  cylinder,  its  speed  and 
weight  cause  a  recoil  on  the  sides  of  the  boiler  analogous  to  the 
effects  of  the,  in  this  case,  almost  inelastic  current  of  water  in  the 
hydraulic  ram.  This  action  is  necessarily  most  felt  with  engines 
in  which  the  steam  is  let  on  suddenly,  as  in  the  Cornish  and 
other  single-acting  engines,  working  with  steam  valves  suddenly 
affording  a  wide  outlet,  and  as  suddenly  closing.  It  produces 
such  phenomena  as  the  springing  and  breathing  of  cylinder  covers, 
and  the  sudden  oscillations  of  gauges,  noticed  long  ago  by  Mr. 
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Josiah  Parkes  and  others.  Some  years  ago,  while  standing  on  a 
boiler  working  a  single-acting  engine,  and  with  a  deficient  amount 
of  steam  room,  the  writer  noticed  the  boiler  to  slightly  breathe 
with  every  pulsation  of  the  engine.  The  same  action  has  been 
observed  by  others  with  boilers  the  steam  room  of  which  is  out 
of  proportion  to  their  heating  surface.  The  intensity  of  the  in- 
stantaneous impulses  thus  generated  would  be,  as  Mr.  Parkes  ob- 
serves, difficult  to  measure,  but  their  repeated  action  must  rapidly 
affect  the  boiler  at  its  mechanically  weakest  points.  The  more 
or  less  sudden  closing  of  a  safety  valve  while  the  steam  is  blow- 
ing-off  would  evidently  produce  the  same  effect ;  and  this  view 
is  strengthened  by  the  great  majority  of  locomotive  boilers — in 
which,  while  at  work,  there  is  no  such  sudden  call  on  the  reservoir 
of  steam  as  in  the  Cornish  engine — which  explode  while  standing 
with  steam  up  at  the  stations.  It  is  not  denied  that  in  tlie  case 
of  a  locomotive  the  mere  extra  accumulation  of  steam  from  the 
safety  valves  being  screwed  down  above  the  working  pressure  will 
also  come  into  play.  But  there  can  be  little  doubt  that  most 
boilers  are  subjected  sooner  or  later,  and  with  more  and  less  fre- 
quency, to  an  impulsive  load.  This  being  the  case,  this  consi- 
deration alone  would  demand  a  factor  of  safety  of  six  in  the  de- 
signing of  steam  boilers. 

"  Emerson  showed,  more  than  sixty  years  ago,  that  the  stress 
tending  to  split  in  two  an  internally  perfectly  cylindrical  pipe, 
submitted  to  the  pressure  of  a  fluid  from  the  interior,  is  as  the 
diameter  of  tlie  pipe  and  the  fluid  pressure.  He  also  showed 
*  that  the  stress  arising  from  any  pressure  upon  any  part  to  split 
it  longitudinally,  transversely,  or  in  any  direction,  is  equal  to  the 
pressure  upon  a  plane  drawn  perpendicular  to  the  line  of  direc- 
tion.' As  in  a  boiler  the  thickness  of  the  metal  is  small  com- 
pared with  the  radius,  the  circumferential  tension  has  been  as- 
sumed to  be  uniformly  distributed  ;  and  the  strain  per  unit  of 
length  upon  the  transverse  circular  joint  being  only  half  that  upon 
longitudinal  joints,  the  strength  of  the  latter  has  been  taken  as 
the  basis  of  the  calculations  for  the  tensile  strength  of  the  joints. 
]»ut  in  taking  the  internal  diameter  of  the  boiler  as  the  point  of 
departure,  the  internal  section  has  been  assumed  to  be  a  correct 
circle,  which  would  only  be  practically  true  in  the  case  of  a  cy- 
linder bored  out  in  a  lathe,  and  never  in  that  of  a  boiler.     Two 
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of  Emerson's  corollaries  from  his  first  proposition  have,  in  fact, 
been  neglected.  He  shows  that  if  one  of  the  diameters  be  greater 
than  another,  there  will  then  be  a  greater  pressure  in  a  direction 
at  right  angles  to  the  larger  diameter  ;  the  greatest  pressure  tend- 
ing to  drive  out  the  narrower  sides  till  a  mathematically  true 
circle  is  formed.  The  second  is  that,  'if  an  elastic  compressed 
fluid  be  enclosed  in  a  vessel,  flexible,  and  capable  of  being  dis- 
tended every  way,  it  will  form  itself  into  a  sphere.'  A  number 
of  proofs  can  be  adduced  that  both  these  influences  are  more  or 
less  at  the  bottom  of  the  wear  and  tear  caused  by  the  direct  ac- 
tion of  the  steam. 

"From  1850  to  1864  forty  locomotive  explosions  causing  a 
loss  of  human  life  have  occurred  in  the  United  Kingdom.  The 
Board  of  Trade  reports  in  the  Bluebooks  presented  to  Parliament, 
and  more  especially  those  by  Captain  Tyler,  E.E.,  probably 
form  the  most  valuable  and  connected  series  of  records  extant  on 
boiler  explosions.  This  is  more  especially  the  case  with  regard 
to  wear  and  tear  caused  by  the  direct  action  of  steam  unmasked 
by  the  effects  of  the  fire,  as  the  barrel  and  outside  fire-box  of  a 
locomotive  cannot  be  said  to  be  under  the  direct  action  of  the 
heat.  Perhaps  the  vibration  of  the  boiler  through  the  motion 
on  the  line  may  intensify  this  action,  but  it  is  clear  that  vibra- 
tion cannot  be  a  primary  cause.  The  majority  of  the  reports 
are  illustrated  by  careful  drawings.  Eighteen  of  the  forty  boilers 
gave  way  at  the  fire-box — eleven  from  the  crown  of  the  inside 
fire-box  being  blown  down  upon  the  tube  plate ;  seven  from  the 
shells  or  sides  giving  way.  Twenty  burst  at  the  barrel;  and 
two  may  be  ascribed  to  miscellaneous  causes,  from  an  originally 
defective  plate,  and  from  running  off"  the  line.  Leaving  out  all 
those  which  occurred  at  the  fire-box,  as  the  majority  of  these 
might  be  ascribed  to  other  influences  than  direct  pressure,  all  the 
twenty  explosions  of  the  barrel  could  be  traced  either  to  internal 
furrows  or  to  cracks,  both  running  parallel  with  one  of  the 
longitudinal  joints  of  one  of  the  rings  forming  the  barrel.  All 
the  joints  which  thus  gave  way  were  lap  joints ;  and  the  furrows 
or  the  cracks  (and  the  former  greatly  preponderate  in  number) 
occur  at  the  edge  of  the  inside  over-lap,  and,  therefore,  just  at  the 
point  where  the  diminution  of  diameter  caused  by  the  lap-joint 
would  be  most  aff'ected  by  the  pressure  of  the  steam.    (See  Fig.  1 0.) 
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(Full  size  cross  ?oction  of  the  furrowed  longitudinal  lap-joint  in  the  fire-box 
ring  of  a  boiler  which  exploded  at  Overton  station,  on  the  30th  May,  1S64.  It 
does  not  differ  from  other  furrows.) 

The  plate  at  channels  shows  distinct  traces  of  lamination  through 
the  cross  bending;  and  it  is  probable  that  plate  of  a  good  ma- 
terial will  gradually  laminate,  while  inferior  metal  will  crack 
through  in  much  less  time.  Nor  are  these  furrows  found  with 
only  lap  joints.     Butt  joints,  with  a  strip  inside  the  boiler — and 
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thus  destroying  the  equilibrium  of  internal  pressure — have  been 
found  to  be  attended  with  similar  furrows.  Channels  of  exactly 
the  same  character  have  been  observed  in  locomotive  boilers  with 
lap  joints  which  have  exploded  in  Germany. 

"  Similar  furrows,  again,  have  been  noticed  in  marine  boilers, 
and  in  old  boilers  generally,  longitudinal  furrows  being,  of  course, 
about  twice  as  dangerous  as  those  appearing  transversely.  The 
smoke-box  tube  plates  of  inside  cylinder  locomotive  engines  have 
been  found  to  be  similarly  influenced  by  the  racking  action  of 
the  engines,  showing  furrows  around  the  cylinder  flanges.  But 
furrowing  seems  with  no  kind  of  boiler  to  be  more  felt  than  with 
locomotive  boilers.  This  is  due  to  the  higher  pressure,  to  the 
thicker  plates  causing  a  coarser  lap,  and  more  especially  to  the 
fiict  that  the  unstayed  barrel  cannot  be  thoroughly  examined 
without  drawing  the  tubes,  thereby  enabling  the  furrow  to  en- 
large itself  unnoticed. 

"  The  inside  fibres  of  a  plate  bent  up  while  cold  are  necessarily 
initially  in  a  state  of  compression.  When  the  pressure  from  the 
inside  comes  on,  striving  to  form  a  perfect  cylinder,  the  plate  gets 
bent  to  and  fro  by  its  own  elasticity  on  one  side,  and  by  the 
pressure  on  the  other.  If  the  iron  be  brittle,  it  may  crack  right 
through ;  if  ductile,  the  outside  fibres  gradually  lose  their  elas- 
ticity, and  necessarily,  aided  by  other  causes,  crack  away.  This 
action  is  progressive,  and  probably  very  rapid  towards  its  later 
stages.  Once  a  weak  place  formed  itself  it  would  have  to  do 
more  and  more  of  the  work.  Even  when  pulled  by  the  direct 
tension  of  the  testing  machine,  a  lap-joint  behaves  in  a  some- 
what similar  way.  For  instance,  a  ^  in.  lap,  solidly  welded  by 
Bertram's  process,  has  only  half  the  strength  of  the  solid  plate ; 
while  the  f  in,  lap-weld  has  actually  two-thirds  of  the  strength 
of  the  entire  plate. 

"  Messieurs  Jean  Piedboeuf  and  Cie.,  of  Aix-la-Chapelle,  Diissel- 
dorf,  and  Liege,  who  turn  out  annually  upwards  of  one  thousand 
steam  boilers,  use  a  lap-joint,  which  probably  gives  slightly  better 
results,  as  to  furrowing,  while  it  is  much  easier  to  caulk,  and 
must  be,  therefore,  less  injured  by  that  process.     (See  Fig.  11.) 

"  There  is,  however,  another  important  appearance  to  be  noted 
with  respect  to  these  furrows.  An  iron  cylindrical  vessel  under 
internal  pressure  would,  of  course,   rupture   long  before  it  could 
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assume  a  spherical  shape,  from  its  ranges  of  elasticity  and  of  duc- 
tility being  so  short.  But  it  maybe  said  to  be  undergoing  three 
distinct  stresses  in  as  many  directions.  There  is  a  stress  acting 
on  the  ends,  and  tending  to  rupture  the  boiler  in  two  halves  in 
a  direction  parallel  to  the  axis;  there  is  the  stress  which  is  hoop 
tension  in  a  true  circle,  but  which  acts  with  across-bending  strain 

Fig.  11. 


(The  edges  of  the  plates  are  cut  to  an  nngle  of  65  deg.  hv  means  of 
inclined  shears.) 

in  an  ordinary  boiler ;  and  there  is  the  stress  which  tends  to 
make  it  assume  the  shape  of  a  barrel,  or  to  bulge  it  out  in  the 
centre  of  its  length.  The  precise  action  on  a  material  of  several 
strains  like  this  is  a  portion  of  the  strengtli  of  materials  which  is 
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still  completely  unknown.     Its  probable  effects  may  be  illus- 
trated by  the   ease   with   which  a  stretched  india-rubber  ring 
is  cut    through    with    a   knife,    or  that  with  which  a   column 
under  compression  is    broken  by  a  blow  from  a  hammer,   or 
by  the   similar  ease  with  which  a  tube  under  tension  is   split 
by  a  sharp    blow ;   in   fact,   the    operation    of  caulking   a   de- 
fective boiler  under  steam  seems  thus  to  often  give  it  the  finish- 
ing stroke  which  causes   an  explosion.     The  new  boiler  which 
burst  from  a  defective  plate  at  the  Atlas  Works,  Manchester,  in 
1858,   and  that  which  burst  through  a  crack  at  a  longitudinal 
point  last  January,  at  Peterborough,  both  gave  way  while  being 
caulked.     This,  again,  accounts  for  the  fact  that  adjacent  boilers 
sometimes  explode  one  after  the  other,  pointing,  at  the  same  time, 
to  the  danger  into  which  a  sound  boiler  may  be  thrown  by  an 
explosion.     Upon  the  same  principle  it  is  probable  that  the  mo- 
dern guns,  built  up  from  strained  rings,  will  be  easily  put  liors 
de  combat  by  shot.     The  probability  is  that  a  number  of  simul- 
taneous strains  in  different  directions  diminish  the  elasticity  of 
the  material  that  would  allow  it  to  yield  in  any  given  direction. 
However  this  may  be,  it  will  be  seen  that  it  is  only  the  pressure 
on  the  ends  of  the  boiler  acting  parallel  to  the  axis,  and  tending 
to  tear  the  cylinder  through  transversely,  which  bears  fairly  on 
the  riveted  joint,  or,  rather,  on  that  metal  between  the  rivets 
which  is  left  after  punching.     Unless  the  cylinder  be  perfectly 
correct  inside,  the  circumferential  strain  resolves  itself  into  cross- 
bending,  shifting  the  dangerous  section  from  the  iron  left  after 
punching  to  the  metal  at  the  over-lap.     With  respect  to  the 
stress  tending  to  bulge  the  cylinder  in  the  centre,  it  is  clear 
that  if  we  suppose  a  strip   cut  out  from  the  entire  length  of 
the  boiler,  each  portion  of  the  length  of  this  strip  could  be  re- 
garded as  a  beam  under  an  uniformly  distributed  load.    As,  how- 
ever,  with  the  lap  joint,  there  is   a  double  thickness  of  metal 
transversely,  that  joint  is  the  strongest  and  stiffest  portion  to  re- 
sist the  stresses  tending  to  bulge  out  the  cylinder  in  the  middle, 
and  also  to  tear  it  in  two  halves.     This  affords  some  justification 
for  the  belief  of  old  boiler  makers,  before  riveted  joints  were  tried 
under  a  direct  tensional  load,  that  the  joints  are  the  strongest 
parts  of  the  boiler.     And,  indeed,  this  is  what  we  find  in  prac- 
tice.    The  thinnest  portion  of  the  longitudinal  furrows  is  gener- 
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ally  exactly  in  the  middle  of  the  plate,  and  this  is  caused  by  the 
longitudinal  stress,  which  is  acting  at  right  angles  to  the  trans- 
verse cross-bending  stress.  A  strip  cut  from  joint  to  joint  is,  in 
one  respect,  in  the  condition  of  a  beam  supported  at  both  ends, 
uniformly  loaded  throughout  its  length,  and,  according  to  known 
principles,  therefore  giving  way  in  the  middle.     (See  Fig.  12. 

Fig.  12. 


(From  Captain  Tyler's  report,  dated  30th  June,  1864,  on  the  boiler  explosion  at 
the  Overton  station  of  the  London  and  North-Western  Railway.  The  plate 
torn  off  is  shaded,  the  course  of  fracture  on  the  other  side  of  the  boiler  is  dot- 
ted, while  the  furrow  is  shown  by  the  thick  horizontal  line.) 

"  It  is  impossible  to  deny  the  existence  of  an  infinite  number 
of  stresses  acting  on  the  sides  of  a  vessel  undergoing  fluid  pres- 
sure, producing  what,  for  want  of  a  better  term,  might  be  called 
a  '  bulging  strain.'  Instances  of  this  action  may  be  noticed  in 
the  sketch  of  the  leaden  pipes  given  by  Mr.  Fairbaim,  which 
were  bulged  out  in  the  middle  by  internal  pressure,  as  also  in  the 
fire-box  sides  influenced  by  the  same  means,  and  in  the  centre  of 
the  surface.      Unaccountably  enough,  the  effect  of  such  a  strain 
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on  the  ultimate  resistance,  and,  above  all,  the  elasticity  of  mate- 
rials, has  been  entirely  neglected  by  investigators,  and  there  are 
no  published  data  on  the  matter.  The  effect  of  the  internal 
pressure  is  evidently  resisted  by  a  double  thickness  of  plate  at 
the  joints,  so  that  the  load  on  the  middle  of  a  single  ring  may  be 
considered  as  determining  the  weakest  part  of  the  boiler. 

"  To  construct  a  general  rule  or  formula  that  would  take  into 
account  the  distorting  effects  of  the  lap  or  of  the  welt  of  butt 
joints  would  be  impracticable;  but  it  is  clear  that  the  usual  mode 
of  calculating  the  strength  of  a  cylindrical  boiler  from  the  tensile 
strength  of  joints  tested  by  weights,  or  hydraulic  pressure  directly 
applied,  is  far  from  being  correct.  It  is  only  tolerably  correct 
"with  scarf- welded  joints,  or  with  butt  joints  with  outside  welts. 
Even  here,  the  hoop  tension  of  the  true  cylinder  is  resolved  with 
a  cross  bending  strain  if  the  cylinder  does  not  form  a  correct  cir- 
cle internally.  The  usual  formula  would  be  practically  correct, 
if  the  boiler  were  prevented  from  altering  its  shape  during  the 
impulses  sometimes  given  by  the  steam,  and  the  quieter  buckling 
action  caused  by  the  alternate  increase  and  fall  of  the  pressure. 
In  fact,  a  boiler,  like  a  girder,  does  not  merely  demand  a  high 
ultimate  strength,  but  also  a  stiffness  which  is  the  protection 
against  alternative  strains,  against  buckling  or  collapse. 

"  Disregarding  the  effects  of  the  thickness  of  the  material,  a 
perfect  cylinder  should,  theoretically,  afford  the  same  ultimate 
resistance,  whether  exposed  to  external  or  internal  pressure.  Its 
resistance  to  collapse  should,  indeed,  be  greater,  as  most  mate- 
rials give  more  resistance  to  compression  than  to  tension.  This 
is  not  the  case,  as  the  distortion  of  form  progressively  weakens 
an  internal  flue  by  increasing  the  load  on  its  surface,  while  the 
contrary  is  rather  the  case  with  the  boiler  exposed  to  internal 
tension.  Before  Mr.  Fairbairn  showed  the  inherent  weakness  of 
flue  tubes,  their  frequent  explosions  through  collapse  were  as- 
cribed to  spheroidal  ebullition  and  other  similar  causes.  They 
are  now,  according  to  the  engineer  of  the  Manchester  Boiler  As- 
sociation, stronger  than  the  shells,  by  means  of  the  T-iron  and 
angle  iron  bands  now  generally  used,  and  also  by  the  excellent 
seams  introduced  by  Mr.  Adamson  so  long  ago  as  1852.  While 
T-iron  and  other  bands  could  be  used  for  the  barrels  of  boilers 
not  exposed  to  the  fire  (as  is  recommended  in  France  and  by  the 
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Board  of  Trade  inspector  of  railways),  Adamson's  seams  reversed 
would  probably  form  excellent  transverse  joints  for  a  shell  fired 
from  the  outside,  and,  with  a  boiler  like  this,  thin  and  narrow 
plates  could  be  used,  affording  a  stronger  and  tighter  lap  joint. 
With  a  construction  of  this  kind  little  or  no  deflection  or  bulg- 
ing could  occur,  and  the  sectional  area  of  the  plate  and  the  rings 
would  really  give  the  strength  of  the  boiler. 

(b)  "  The  Mechanical  effects  of  the  heat. — AVhile  a  maximum  of 
stiffness  to  the  mechanical  action  of  the  pressure  is  required  in  a 
steam  boiler,  a  maximum  of  flexibility  to  the  irresistible  mechani- 
cal force  of  heat  is  of  no  less  importance.  For  instance,  a  great 
advantage  of  some  of  the  forms  of  strengthening  rings  for  inter- 
nal flues  is  that  they  allow  the  use  of  thinner  plates ;  together 
forming  a  structure  of  great  flexibility  to  complicated  thermal  in- 
fluences. The  longitudinal  expansion  of  inside  flues  like  this  is 
taken  up  by  a  slight  spring  or  s wagging  at  each  joint,  and  the 
end  plates  of  the  shell  are  not  unduly  strained  by  the  combined 
effort  of  the  internal  pressure  and  the  expansion  due  to  heat. 
This  is  one  way  in  which  defective  circulation,  or  a  sudden  cur- 
rent of  cold  air  or  of  water,  can  act  on  the  structure,  by  un- 
equally straining  the  plates;  and,  although  it  seems  probable 
that  the  effects  said  to  have  been  thus  produced  are,  to  some  ex- 
tent, due  to  other  causes,  they  point  to  the  importance  of  keeping 
the  temperature  of  the  plates  as  low  as  possible.  One  protection 
against  effects  of  this  kind  is  the  gradual  diffusion  of  heat,  pro- 
duced by  its  conduction  to  and  from  the  different  plates.  It  is  a 
general  belief  with  engineers  that  a  pressure  of  steam  strains  a 
boiler  more  than  cold  hydraulic  pressure ;  but  it  is  unsettled  as 
to  what  amount  and  in  what  exact  way.  The  basis  of  an  exa- 
mination of  the  kind  would  have  to  be  sought  in  an  exact  deter- 
mination of  the  temperature  of  a  plate  which  is  transmitting  the 
heat  to  the  water,  and  this  has  not  yet  been  determined  with 
any  accuracy. 

"  While  it  is  certain  that  boiler  plates  can  assume  very  high 
temperatures,  even  up  to  red-heat,  authorities  differ  as  to  the 
diminution  of  ultimate  strength  which  is  caused  by  heat,  while 
its  effect  on  the  elasticity  of  the  plate  has  been  scarcely  attended 
to.  The  experiments  on  the  ultimate  tenacity  of  iron  at  high 
temperatures,  conducted  by  Baudrimont,  Seguin,  and  the  Frank- 
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lin  Institute,  can  scarcely  be  looked  upon  as  of  much  value,  for 
they  were  made  on  a  very  small  scale,  and  with  no  regard  to  the 
temporary  and  permanent  elongations — or  to  the  effect  of  heat 
on  the  elasticity  and  ductility. 

"  Mr.  Fairbairn  observed  no  effect  on  the  strength  of  plate  iron 
up  to  almost  400  deg.  Fah.  At  a  '  scarcely  red '  heat  the  break- 
ing weight  of  plates  was  reduced  to  16 '9  7  8  tons  from  21  tons 
at  60  deg.  Fah. ;  while  at  a  'dull  red  '  it  was  only  13-621.  MM. 
Tr^mery  and  P.  St.  Brice,  aided  by  the  celebrated  Cagniard  La- 
tour,  found  that  at  nominally  the  same  temperature  {rouge  sombre), 
a  bar  of  iron  was  reduced  in  strength  to  one-sixth  of  its  strength 
when  cold.  This  is  much  greater  diminution  of  strength  than 
that  found  by  Mr.  Fairbairn.  Apart  from  other  causes,  this 
might  easily  be  due  to  the  fact  that  incandescent  iron  affords  a 
different  tinge  during  a  dull  day  to  what  it  does  in  a  clear  light. 
In  fact,  the  great  impediment  to  all  these  investigations  is  the 
want  of  a  thermometer  for  high  temperatures  ;  but  M.  Tremery's 
result  is  perhaps  more  conformable  with  daily  experience.  Mr. 
Fairbairn's  data  would  show  that  the  ultimate  strength  of  wrought 
iron  is  reduced  about  one-half ;  But  M.  Tremery's  result  explains 
the  generally  instantaneous  collapse  of  flues  when  red-hot,  and 
which  have  been  of  course  originally  calculated  to  a  factor  of 
safety  of  six. 

"  A  most  important  question  is  the  effect  of  temperatures, 
whether  high  or  low,  on  the  elasticity  of  the  material — whether 
iron  will  take  a  permanent  set  with  greater  facility  at  a  high 
temperature  1 

"  There  is,  however,  another  very  important  point  with  respect 
to  wrought-iron  which  has  scarcely  received  the  attention  it  de- 
serves. As  would  appear  from  a  number  of  phenomena  there 
seems  to  be  a  sort  of  thermal  elastic  limit  with  iron.  When 
heated,  and  when  its  consequent  dilatation  of  volume  does  not 
exceed  that  which  corresponds  to,  perhaps,  boiling  point,  it  re- 
turns to  its  original  dimensions.  Beyond  a  certain  temperature 
it  does  not  contract  again  to  its  pristine  volume,  but  takes  a  per- 
manent dilatation  in  consequence,  apparently,  of  its  elastic  limits 
having  been  exceeded.  A  number  of  experiments  by  Lt.  Col.  H. 
Clerk,  of  Woolwich,  on  wrought-iron  cylinders  and  plates,  bear 
distinct  evidence  to  a  dilatation  of  volume  in  wrought-iron,  when 
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repeatedly  heated  and  suddenly  cooled.  In  experiment  7,  for 
instance,  *  two  flat  pieces  of  wrought- iron,  each  1 2  in.  long,  6  in. 
deep,  and  ^  in.  thick,  were  heated  and  cooled  twenty  times,  one 
being  immersed  one-half,  and  the  other  two-thirds,  its  depth  in 
water.  That  immersed  one-half  contracted  or  became  indented 
on  the  ends  fully  3  in.  ;  the  other  had  similar  indentations,  but 
only  to  one-half  the  amount.  They  both  turned  up  into  the 
form  of  an  arc,'  the  convex  side  of  which  appeared  in  the  portion 
heated  and  cooled.  Unfortunately,  the  specific  gravities  of  the 
different  portions  were  not  tried  by  CoL  Clerk.  A  succession 
of  trials  of  the  kind  produced  cracks  in  the  metal,  thus  explain- 
ing how  boiler  plates  are  cracked  by  imperfect  circulation  and 
by  cold  feed- water  let  in  near  the  fire  ;  and  the  thicker  the  plate, 
the  more  permanent  dilatation  of  volume,  and  consequent  danger. 
Mr.  Kirkaldy  found  that  '  iron  highly  heated  and  suddenly  cooled 
in  water,  is  hardened,'  being  injured,  in  fact,  if  not  afterwards 
hammered  and  rolled.  In  fact,  a  very  general  beUef  exists  that 
very  ductile  good  iron,  used  in  the  form  of  a  steam  boiler,  soon 
gets  brittle.  There  are  some  applications  of  metal  to  a  steam 
boiler  peculiarly  liable  to  be  strained  beyond  the  limits  of  elasti- 
city ;  by  mechanical  force,  by  the  mechanical  force  of  expansion 
and  contraction,  and  by  dilatation  of  volume  through  heat,  all 
three  acting  simultaneously.  Such  is  the  case  with  fire-box  stay 
bolts.  Accordingly,  Uiey  are  found  to  get  very  brittle  when  of 
wrought-iron — which  is  a  much  less  ductile  metal  than  copper. 
Mr.  Zerah  Colburn  states  that  he  has  '  frequently  found  these 
stays  (where  made  of  wrought-iron)  to  be  as  brittle,  after  a  few 
years'  use,  as  coarse  cast-iron.'  He  has  *  broken  them  off  from 
the  sides  of  old  fire-boxes,  sometimes  with  a  blow  no  harder  than 
would  be  required  to  break  a  peach  stone.' 

(c.)  The  Chemical  Effects  of  the  Incandescent  Fuel. — "  What- 
ever physical  changes  may  be  induced  in  iron  by  the  long  con- 
tinuance of  a  high  temperature  which  is  not  succeeded  by  the 
application  of  the  impact  of  the  hammer  or  the  pressure  of  the 
rolls,  it  is  certain  that  long-continued  red  heat  leads  to  the  loss 
of  its  metallic  consistency.  Its  surface  gets  converted  to  a  greater 
or  less  depth  into  forge  scales,  which,  according  to  Berthier,  con- 
sist of  a  crystallized  compound  of  peroxide  and  protoxide  of 
iron.     The  mechanical  action  of  the  gases — and  especially  of  the 
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free  oxygen  contained  in  every  flame — forced  at  a  high  velocity 
by  the  draught  past  the  more  or  less  heated  plates,  would  also 
aid  these  chemical  combinations — upon  the  same  principle  as 
iron  filings,  thrown  through  a  gas  flame,  burn  in  the  air ;  and 
upon  the  same  mechanical  principle  as  the  incandescent  line  is 
worn  away  by  the  flame  of  the  oxyhydrogen  blow-pipe.  These 
actions  would  take  place  with  any  fuel,  even  with  pure  charcoal, 
but  when  mineral  fuel,  which  mostly  contains  more  or  less  iron 
pyrites,  is  used  there  is  much  more  danger  to  the  plates,  especially 
over  the  fire,  in  getting  red-hot,  as  the  flames  would  then  hold 
sulphurous  acid,  and  often  volatilized  sulphur.  A  familiar  illus- 
tration of  an  action  of  this  kind  is  aff'orded  by  the  fact  that  a 
piece  of  red-hot  iron  plate  can  be  easily  bored  through  by  means 
of  a  stick  of  sulphur,  the  combination  forming  sulphide  of 
iron.  Dr.  Schafhaeutl,  of  Munich,  has  given  great  attention 
to  the  changes  in  plates  subjected  to  the  action  of  fire ;  twenty- 
five  years  ago  he  read  a  paper  before  the  Institution  of  Civil 
Engineers,  and  more  recently  he  has  published  an  essay,  both 
on  this  subject,  in  a  Munich  periodical.  He  has  brought  for- 
ward a  number  of  facts,  founded  on  chemical  analyses  of  plates 
of  exploded  boilers,  showing  the  danger  due  to  chemical  action 
alone  when  the  plates  of  a  boiler  become  red  hot.  He  notices 
that  the  iron  of  the  inside  of  the  plates  in  getting  red  hot 
decomposes  the  water,  and  combines  with  the  oxygen  thus 
freed.  It  also  loses  some  of  its  carbon.  The  outside  combines 
with  the  free  oxygen,  and  with  any  sulphurous  acid  in  the  flame. 
He  states  that  iron  made  with  pit  coal  is  much  more  affected 
than  charcoal-made  iron,  becoming  laminated  at  the  original 
joints  in  the  pile  out  of  which  the  plate  has  been  rolled.  It  is 
possible  that  portions  of  oxide  are  carried  into  these  joints,  and 
it  is,  at  any  rate,  certain  that  iron  gives  way  easiest  at  these  places. 
This  points  to  the  great  value  of  really  homogeneous  plates,  such 
as  those  of  cast-steel,  in  which  homogeneity  has  been  obtained 
by  the  only  known  means  of  fusion.  The  remarkable  diminu- 
tion of  elasticity  and  of  tenacity  caused  by  the  combination  of 
the  red-hot  iron  with  sulphur — the  absence  of  all  elasticity  and 
tenacity  in  the  oxides  of  iron — show  that,  even  if  a  flue  do  not 
at  once  collapse,  or  a  shell  explode,  through  getting  red-hot,  the 
boiler  is  more  or  less  injured  every  time  it  gets  over-heated.     A 
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defective  circulation,  by  permitting  such  a  temperature  as  to  drive 
the  water  off  the  plate,  would  soon  lead  to  local  injury.  Particu- 
lar spots  in  externally-fired  cylindrical  boilers  are  sometimes,  as 
is  stated  by  Mr.  L.  Fletcher,  of  Manchester,  thus  affected,  and 
in  an  apparently  mysterious  way.  A  new  boiler,  in  which  a 
heap  of  rags  were  accidentally  forgotten,  had  the  spot  burnt  out 
in  a  few  days,  doubtless  through  the  resulting  defective  circula- 
tion and  its  consequences.  The  plates  just  above  the  fire  of  in- 
ternal flues  also  suffer  in  this  manner.  It  is,  perhaps,  possible 
that  turned  joints,  secured  by  bolts,  and  allowing  an  occasional 
reversing,  or  rather  rotating,  of  the  ring,  might,  in  some  cases, 
be  here  of  service.  At  any  rate,  universal  experience  proves 
that  the  thicker  the  plate  the  easier  does  it  get  red-hot,  and  these 
chemical  facts  also  point  to  the  desirability  of  a  minimum  of  thick- 
ness. In  fact,  the  wearing  away  of  the  plates  through  these 
causes,  if  mechanically  strong  against  pressure,  often  gets  arrested 
at  a  certain  thickness.  In  Germany  and  France,  some  of  the 
best  manufacturers  stiU  make  the  plates  over  the  fire  of,  for  in- 
stance, inside  flues,  slightly  thicker  than  anywhere  else  ;  but  the 
combined  chemical  and  mechanical  actions  of  the  heated  fuel 
cause  most  wear  and  tear  in  a  thick  plate,  and  thus  justify  Ameri- 
can practice  in  this  respect.  In  that  country  fire-box  plates  of 
good  charcoal  iron  are  made  only  -^  or  :^  of  an  inch  thick,  and 
with  stays  4  in.  apart,  give  good  results  under  nearly  150  lb. 
steam  pressure. 

{d.)  The  Chemical  and  Physlco- Chemical  Effects  of  the  Feed- 
loater. — "  The  wear  and  tear  of  a  boiler  which  occurs  in  the  form 
of  corrosion,  properly  so  called,  may  be  divided  into  two  princi- 
pal kinds: — (1)  internal;  and  (2)  external;  and  the  progress 
of  both  is  necessarily  intensified  by  the  mere  effects  of  tempera- 
ture. Each,  however,  has  its  strongly-marked,  distinct,  character 
— not  merely  as  to  position,  but  also  as  to  origin  and  results. 

"  A  steam  boiler  is  in  the  position  of  a  vessel  into  which  large 
volumes  of  water  are  continually  forced ;  while  the  heat  applied, 
driving  off  all  volatilizable  matter,  leaves  behind  a  concentrated 
solution  with  a  chemical  character  dependent  on  that  of  unvola- 
tilizable  matters  in  the  feed-water.  The  specific  gravity  of  the 
substances  found  in  the  water  naturally  causes  them  to  sink  to- 
wards the  bottom,  at  which  part  the  solution  is  generally  raoro 
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concentrated,  however  mucli  it  may  be  stirred  up  by  the  ebulli- 
tion. Mr.  J.  R  Napier  lately  stated  that  a  piece  of  zinc  '  about 
4  ft.  long,  by  3  in.  broad,  by  f^ths  thick,  placed  in  a  marine 
boiler  for  three  weeks '  to  a  depth  of  1 8  in.  in  the  water,  showed 
a  corrosion  which  rapidly  decreased  '  up  to  the  highest  part, 
which,  in  the  steam,  appeared  to  be  little  aifected.'  This  accounts 
for  the  fact  that  all  boilers,  even  those  internally  fired,  like  loco- 
motive boilers,  have  their  plates  most  aifected  towards  the  bottom, 
and  that  internal  corrosion  always  shows  itself  to  a  greater  extent 
below  the  water  line.  The  houilleur  of  the  form  of  boiler  known 
as  the  French  boiler  is  also  generally  more  affected  than  any 
other  part.  To  resist  this  sort  of  slow  action,  it  is  clear  that  the 
more  the  bulk  of  metal  the  better,  and  it  is  for  this  reason  that 
the  bottom  plates  of  most  marine  boilers  are  made  thicker,  while 
these  same  plates  in  locomotive  boilers  have  to  be  often  renewed. 
Any  chemical  or  physico-chemical  action  of  the  kind  is  of  course 
intensified  by  temperature,  and  this  is  one  of  the  causes  that 
externally-fired  boilers  give  way  most  a  little  in  front  of  the  fur- 
nace. But  the  plates  above  the  water-line  also  get  more  or  less 
corroded,  and  not  merely  with  the  usual  character  of  rusting,  but 
in  that  peculiar  form  known  as  pitting,  which  generally  shows 
itself  much  more  strongly  marked  below  the  water-line. 

"  The  presence  of  a  concentrated  solution  of  an  acid  or  alka- 
line character,  kept  at  a  high  temperature  for  years  in  contact 
with  iron  plates,  would  be  sufficient  to  account  for  much  cor- 
rosion. But  the  internal  corrosion  of  steam  boilers  has  many 
features  of  such  a  mysterious  character  that  no  accredited  expla- 
nation of  its  attendant  phenomena  has  yet  been  put  forward. 
In  the  first  place  plates  thus  attacked  show  a  number  of  irregular 
holes  like  a  pock-marked  human  face,  or  like  the  small  craters  seen 
on  the  moon's  surface.  The  writer  has  also  sometimes  observed 
two  or  three  little  irregular  excavations  like  this  in  a  plate  other- 
wise showing  a  large  surface  quite  intact.  Sometimes  the  plate 
is  most  pitted  round  a  projecting  bolt ;  at  others,  one  plate  will 
be  perfectly  sound,  while  that  riveted  to  it  will  be  almost  eaten 
away,  both  having  been  the  same  time  at  work,  and  under,  of 
course,  apparently  exactly  similar  conditions.  With  locomotive 
boilers  this  pitting  has  been  ascribed  to  galvanic  action  between 
the  brass  tubes  and  the  iron  plates. — But  it  is  notoriously  well 
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known  to  locomotive  superintendents  that  boilers  with  iron  tubes 
are  often  worse  pitted  than  those  which  have  run  the  same  dis- 
tance with  brass  tubes.  Besides,  all  iron  boilers,  with  or  without 
brass,  whether  used  for  stationary,  locomotive,  or  marine  pur- 
poses, are  subject  to  pitting. 

"An  explanation  which  seems  to  meet  all  the  circumstances 
of  the  case  is  the  following  : — Mr.  Mallet,  in  a  report  addressed 
to  the  British  Association  some  years  ago,  showed  that  wrought- 
iron  and  steel  (blister  steel  probably),  '  consist  of  two  or  more 
different  chemical  compounds,  coherent  and  interlaced,  of  which 
one  is  electro-negative  to  the  other.'  In  fact,  ordinary  wrought 
iron,  being  also  welded  up  from  differently  worked  scrap,  is  far 
from  being  an  electro-homogeneous  body.  In  a  boiler,  the  hot 
water,  more  or  less  saturated  with  chemical  compounds,  is  the 
exciting  liquid,  and  the  electro-positive  portions  of  the  plates  are 
thus  quickly  removed  to  a  greater  or  less  depth.  This  explana- 
tion meets  most  of  the  known  circumstances  with  respect  to 
pitting ;  it  even,  in  a  great  measure,  explains  how  plates  above 
the  level  of  the  water,  especially  in  marine  boilers,  get  very 
rapidly  corroded  in  portions,  while  another  part  of  perhaps  the 
same  plate  is  scarcely  affected.  The  concentrated  water  in  a 
marine  boiler  is  known  to  be  generally  acid.  '  Of  all  the  salts 
contained  in  sea  water,'  says  Faraday,  '  the  chloride  of  magnesium 
is  that  which  acts  most  powerfully '  on  the  plates.  He  shows 
that  a  cubic  foot  of  sea  water  contains  3  2  8  oz,  of  this  salt ;  and, 
at  the  same  time,  points  to  the  danger  of  voltaic  action  in  a  boiler 
through  the  contact  of  copper  and  iron.  In  a  smaller  degree  the 
contact  of  cast  with  wrought  iron,  or  between  the  different  makes 
of  wrought-iron  in  the  same  plate,  or  between  contingent  plates, 
acts  in  the  same  way.  It  is  not  improbable  that  some  hydro- 
chloric acid  is  present  in  the  steam  of  marine  boilers.  *  M.  J,  C. 
Forster  has  tested  some  of  the  condensed  steam  from  the  safety- 
valve  casing,  and  from  the  cylinder  jacket  of  the  Lancefield,  and 
found  both  decidedly  acid.'  With  an  exciting  liquid  in  the  con- 
densed steam,  it  is  thus  explicable  how  the  plates  of  marine 
boilers  often  get  corroded  in  a  most  capricious  manner,  while,  at 
the  same  time,  the  current  of  steam  v/ould  create  a  certain  amount 
of  friction  on  the  oxide,  clearing  it  away  to  act  on  a  fresh  surface. 

"  The  crucial  test  of  this  explanation  of  pitting  would  be  the 
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observation  of  the  absence  of  the  phenomenon  from  plates  of  an 
electro-homogeneous  character.  The  homogeneity  could  only  be 
expected  from  fused  metal,  such  as  cast-steel.  Accordingly, 
while  the  writer  was  in  Vienna  a  short  time  ago,  he  was  assured 
by  Mr.  Haswell,  the  manager  of  the  Staatsbahn  locomotive  works, 
that  some  locomotives  made  of  cast-steel  plates  in  1859,  for  the 
Austrian  Staatsbahn,  had  been  working  ever  since  without  show- 
ing signs  of  pitting,  though  under  similar  conditions  iron  plates 
had  severely  suffered  in  this  way.  Pitting  may  thus  be  fairly 
defined  as  a  form  of  corrosion  localised  to  particular  spots  by 
voltaic  action.  It  is  also  probably  aggravated  through  the  mo- 
tion of  the  plate  by  mechanical  action,  and  the  expansions  and 
contractions  through  alternations  of  temperature.  All  boilers 
are  most  pitted  near  the  inlet  for  the  feed- water,  and  with  inside 
cyhnder  locomotive  boilers  there  is  generally  more  pitting  at  the 
smoke-box  end — no  doubt  caused  by  the  more  or  less  racking 
action  on  these  plates.  A  state  of  corrosion  at  particular  spots 
would  probably  be  kept  up  to  a  greater  intensity  by  the  incrusta- 
tion being  mechanically  thrown  off  With  a  quicker  voltaic 
action,  caused  by  any  unusual  intensity  of  the  exciting  liquid, 
the  sides  of  the  cavities  in  the  plates  would  be  sharper  and  less 
rounded  off;  as  in  the  case  of  the  boiler  fed  with  mineral  water 
from  ironstone  workings,  which  exploded  last  year  at  Aberaman, 
South  Wales. 

"  The  fact  that  pitting  occurs  in  marine  boilers  when  distilled 
water  from  surface  condensers  is  used,  does  not  affect  this  explana- 
tion. Fresh  water,  from  whatever  cause,  after  repeated  boiling,  is 
stated  to  carry  the  salinometer  even  higher  than  sea  water,  thus 
proving  that  it  is  not  pure.  In  the  next  place  there  is  the  absence 
of  incrustation,  which  to  some  extent  always  protects  the  plates 
of  boilers  from  the  chemical  action  of  its  contents.  In  this  way 
the  mechanical  buckling  of  the  plates — directly  and  indirectly 
causing  the  furrows  we  have  spoken  of — by  continually  clearing 
particular  lines  of  surface  from  incrustation  and  oxide,  reduces 
these  particular  spots,  with  respect  to  corrosion,  to  the  condition 
of  the  plates  of  a  boiler  fed  with  water  which  deposits  no  incrus- 
tation. Corrosion  will  also  act  more  rapidly  at  a  furrow  through 
mere  increase  and  renewal  of  surface.  To  resist  that  form  of 
internal  corrosion  specially  known  under  the  name  of  pitting,  a 
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maximum  of  electro-homogeneity  is  evidently  required  in  all  the 
component  parts  of  the  boiler." 

(e.)  The  Chemical  and  Physico- Chemical  Effects  of  the  Feed- 
water. — "While  the  action  of  internal  corrosion,  often  very 
equally  corrugating  the  plates  over  a  large  surface,  as  a  rule 
scarcely,  at  any  rate  only  gradually,  affects  their  mechanical 
strength,  external  corrosion,  being  localised  to  particular  spots,  is 
of  a  much  more  dangerous  character.  The  one  is  gradual  and 
easily  perceptible,  while  the  other  is  rapid  and  insidious  in  its 
progress.  Apart  from  accidental  circumstances  affecting  the 
brickwork  on  which  a  stationary  boiler  is  erected,  or  the  outside 
of  the  bottoms  of  marine  boilers,  it  is  clear  that  external  corro- 
sion can  only  occur  through  leakage.  When  leakage  takes  place 
through  a  crack  in  the  plate,  caused  by  mechanical  action,  or  at 
a  hole  burnt  out  by  heat,  the  effects  of  leakage  are  only  secondary 
results,  due  to  a  primary  cause,  which  of  itself  may  cause  the 
stoppage  of  the  steam  generator.  But  a  leakage  at  a  joint  may 
in  itself  gradually  cause  the  destruction  of  the  boiler.  Here  we 
see  another  reason  that  the  character  of  a  boiler,  not  merely 
as  to  ultimate  strength,  but  also  as  to  wear  and  tear,  intimately 
depends  upon  the  form  of  its  joints.  It  is  often  noticeable  that 
very  good  lap  joints,  even  when  tested  under  hydraulic  pressure 
up  to  only  50  per  cent,  above  the  working  load,  sweat  more  or 
less.  The  tendency  of  the  internal  pressure  to  form  a  correct 
circle  bears  indirectly  on  these  joints,  causing  them  to  open,  more 
or  less,  and  to  leak,  in  spite  of  the  caulking.  Mr.  Robert  Gal- 
loway, C.E.,  who,  as  an  engineer  surveyor  of  long  standing  of  the 
Board  of  Trade,  has,  probably,  made  more  than  three  thousand 
careful  inspections  of  marine  boilers,  states  that  he  has  often 
noticed  a  furrow  or  channel  on  the  outside  of  the  joint,  running 
parallel  to  the  outside  overlap  for  some  distance,  and  evidently 
caused  by  leakage.  Along  the  water  line  condensed  water  will 
act  on  the  joints,  while  below  it  the  concentrated  contents  of 
the  boiler  will  come  into  chemical  action.  A  leakage  in  a  marine 
boiler  often  eats  away  a  |  in.  pl-ite  within  a  year.  In  some 
cases  a  jet  of  hot  water  from  a  leakage  has  a  frictional  action ; 
in  fact,  even  with  such  an  incorrodible  and  hard  substance  as 
glass  an  effect  like  this  has  been  perceived,  and  a  slight  leakage 
continued  during  several  days  sometimes  produces  a  noticeable 
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furrow  on  a  glass  gauge  tube.  With  sulphurous  fuel,  a  powerful 
chemical  action  will  come  into  play  on  the  plates.  One  volume 
of  water  takes  up  about  thirty  volumes  of  sulphurous  acid  gas  ; 
and  these  sulphurous  fumes  of  the  fuel,  coming  in  contact  with 
the  water  from  a  leakage,  will  be  more  or  less  absorbed.  An 
acid  mixture  like  this  must  quickly  eat  away  the  plate.  It  is 
certain  that  a  leakage  acts  much  quicker  on  a  boiler  fired  with 
sulphurous  fuel  than  on  one  fired  with  wood.  M.  G.  Adolphe 
Hirn  has  observed  a  plate,  nearly  seven-eighths  thick,  to  be 
pierced,  in  the  course  of  time,  as  with  a  drill,  by  means  of  a  little 
jet  which  struck  it  after  passing  through  a  current  of  hot  coal 
smoke." 

The  next  point  taken  up  by  Mr.  Paget  was  the  Legislative 
Enactments.  This,  for  reasons  stated  at  the  time,  we  published 
in  last  year's  volume  for  1864  in  par.  22,  p.  103,  to  which,  there- 
fore, we  refer  the  reader. 

1 9.  On  the  subject  of  Hydraulic  Testing  of  Boilers  we  gave 
expression  (in  par.  15,  p.  67,  vol.  for  1864),  to  certain  opinions. 
These  we  see  no  reason  to  change.  Sundry  opinions  of  others 
we  gave  also  at  the  same  time,  to  which  we  refer  the  reader.  In 
the  paper  by  Mr.  Paget  (see  last  par.),  we  find  the  subject  also 
considered,  from  which  we  take  the  following: — "Although,  as 
we  have  seen,  the  application  of  a  known  amount  of  hydraulic 
pressure  is  in  such  general  use  for  the  determination  of  the 
strength  of  a  boiler,  there  are,  nevertheless,  few  points  in  en- 
gineering about  the  real  value  of  which  there  is  so  much  dispute. 
Everybody  seems  to  have  a  different  opinion  on  the  matter. 
Some  say  that  the  hydraulic  test  is  the  only  means  of  determin- 
ing the  strength  of  a  boiler ;  others  that  it  is  a  very  injurious 
and  useless  measure.  As  to  its  amount,  some  recommend  one  and 
a-lialf,  many  twice,  some  thrice,  and  a  few  even  four  times  the 
working  pressure.  While  numerous  engineers  advise  its  applica- 
tion to  old  boilers,  others  have  strong  objections  to  its  use  in  this 
way.  Whether  the  force-pump  be  really  the  best  apparatus  for 
its  application,  is,  with  other  questions,  also  placed  in  doubt. 
The  truth  is  that,  while  on  the  one  hand,  like  other  tests,  it  may 
be  abused  and  wrongly  applied,  on  the  other  its  value  may  also 
be  exaggerated. 

"  The  best  practical  proof  of  its  necessity  for  new  boilers .  is 
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afforded  by  the  fact  that  explosions  have  occurred  the  first  time 
steam  has  been  got  up — such  as  that  at  the  Atlas  Works,  Man- 
chester, in  1858.  Unless  every  plate  be  separately  tested  up  to 
proof  lead  it  is  impossible  to  be  certain  whetlier  one  of  them  is 
not  defective.  This  function  is  clearly  much  better  performed 
by  the  hydraulic  test.  Then,  as  to  its  application  to  old  boilers, 
much  can  be  learned  during  internal  examination ;  but  it  is  not 
always  possible  to  tell  the  remaining  thickness  of  the  plates  by 
this  means,  nor  their  deterioration  through  the  heat.  It  is  often 
said  that  a  successful  resistance  to  the  hydraulic  test  is  no  proof 
that  the  boiler  might  not  have  been  burst  by  a  few  pounds  more  ; 
and  that  it  may  so  suffer  as  to  perhaps  afterwards  burst  with  a 
less  pressure  of  steam.  But  this  is  no  more  true  than  it  is  true 
of  a  girder,  for  instance,  which  has  withstood  without  permanent 
deflection  its  proof  load.  In  every  case  it  is  necessary  that  its 
effects  on  the  boiler  should  be  exactly  ascertained.  In  fact,  the 
real  test  consists  in  this  examination,  and  the  proof  pressure  is 
only  a  means  to  ^his  end.  The  boiler  should,  if  possible,  be 
subjected  to  a  careful  internal  and  external  examination.  With 
locomotives  this  can  only  be  accomplished  by  taking  out  the 
tubes  ;  with  ordinary  land  boilers  it  can  only  be  done  by  remov- 
ing the  brickwork.  In  fact,  it  may  be  said  that  a  steam  boiler 
is  never  absolutely  safe  which  cannot  be  easily  examined — more 
especially  from  the  inside.  But  by  gauging  the  flue  tubes,  the  com- 
bustion chambers,  the  flat  surfaces,  and  even  the  barrels,  it  may  be 
ascertained  very  nearly  whether  the  limits  of  elasticity  of  the  ma- 
terial have  been  exceeded — whether,  therefore,  the  pressure  has 
additionally  injured  a  boiler  which  was  near  rupture  already.  It 
is  often  very  plausibly  observed  that  there  is  great  danger  in 
testing  a  boiler,  which  cannot  be  examined  internally,  to  double, 
or  even  to  only  one  and  a-half  the  working  pressure.  It  is  said 
that  the  test  may  strain  the  boiler  without  its  showing  any  out- 
ward indication.  It  is  certainly  just  possible  that  sucli  a  case 
might  happen. 

"  An  objectionable  plan  in  measuring  the  pressure  applied, 
and,  for  several  reasons,  one  likely  to  lead  into  error,  is  estimat- 
ing it  from  the  load  on  the  safety  valve  lever.  A  metallic  gauge 
should  be  used,  and  very  neat  pocket  instruments  of  the  kind 
are  sold  in  Paris.     In  frosty  weather  the  rivet  heads  are  liable 
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to  be  snapped  if  the  metal  be  not  somewhat  warmed  by  using 
hot  water.  The  hydraulic  ram  kind  of  action  on  the  sides  is 
also  much  less  likely  to  occur  if  a  rather  narrow  force  pipe  be 
used  for  the  pump. 

"  There  can  be  no  doubt  that  it  would  be  a  valuable  thing  to 
be  able  to  employ  some  means  of  measuring  the  permanent  and 
the  temporary  extension  of  volume,  if  any,  produced  by  the 
hydraulic  test.  It  is  probable  that  a  boiler,  as  it  gets  old,  and 
takes  a  permanent  set  under  the  pressure,  also  increases  in  volume ; 
so  that  it  doubtless  holds  a  few  gallons  more  than  it  did  when 
new.  An  ingenious  plan  for  measuring  the  increase  of  volume 
is  recommended  in  the  Bavarian  regulation.  After  the  boiler  is 
filled  the  amount  of  water  forced  in  is  measured  by  pumping  it 
from  a  vessel  marked  with  divisions.  When  the  pressure  is  re- 
moved the  boiler  contracts  more  or  less,  forcing  out  at  least  a 
portion  of  the  water ;  the  amount  remaining  is  supposed  to  give 
the  dilatation  of  volume  of  the  boiler.  The  difficulty  in  the  use 
of  this  plan  would  probably  consist  in  the  presence  of  air  in  the 
water  itself,  and  any  which  might  chance  to  remain  in  the  boiler. 
That  in  the  water  might  be  greatly  diminished,  or  at  any  rate 
brought  down  to  a  constant  amount,  by  boiling ;  but  there  would 
be  no  precise  security  against  any  air  in  the  boiler,  and  as  the 
weight  of  air  absorbed  by  water  (according  to  a  well-known  law)  is 
in  proportion  to  the  pressure,  it  would  be  taken  up  by  the  water, 
thas  falsifying  the  indications  when  the  pressure  was  removed. 
On  the  other  hand,  a  high  temperature  of  the  water  would  form 
an  impediment  to  this  absorption.  The  experiment  is  certainly 
worth  trying.  It  might  be  very  valuable  with  tubular  boilers  in- 
accessible from  the  inside,  as  any  permanent  set  or  deflection 
ought  to  be  indicated  by  little  or  no  water  being  compressed  out 
by  the  contraction  of  the  boiler  on  the  removal  of  the  pressure. 
As  long  ago  as  1844,  M.  Jobard  of  Brussels,  in  order  to  obviate 
the  supposed  injurious  effects  of  the  hydraulic  blow  of  the  water  on 
the  plates,  proposed  to  fill  the  boiler  with  water,  first  loading  the 
safety-valves,  and  to  then  dilate  the  water,  and  consequently  the 
boiler,  by  means  of  heat  applied  to  the  outside.  More  recently, 
Dr.  Joule  of  Manchester  has  used  the  same  plan  himself,  pro- 
posing it  for  general  adoption.  In  addition  to  the  loaded  safety- 
valve,  he  used  a  metallic  pressure-gauge  '  to  be  constantly  ob- 
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served,  and  if  the  pressure  arising  from  the  expansion  of  the 
water  goes  on  increasing  continuously  without  sudden  decrease  or 
stoppage  until  the  testing  pressure  is  obtained,  it  may  be  inferred 
that  the  boiler  has  sustained  it  without  having  suffered  strain.' 
Another  plan,  also  founded  upon  the  same  principle  of  the 
irregularities  of  extension  of  metals  when  the  limit  of  elasticity 
is  exceeded,  has  lately  been  proposed.  This  consists  in  bringing 
an  ordinary  steam-engine  indicator  in  communication  with  the 
pump-plunger,  as  if  it  were  a  steam-engine  piston-rod.  The  or- 
dinates  of  the  pencil  diagram  would  thus  give  the  pressure  in  the 
boiler,  while  the  respective  abscissae  would  give  the  quantity  of 
water  pumped  in  at  each  stroke.  As  long  as  the  limit  of  elasticity 
was  not  exceeded  there  would  be  a  horizontal  line,  while  a  curved 
line  would  appear  as  soon  as  the  sides  began  to  take  a  permanent 
deflection.  There  seems  to  be  a  sort  of  contradiction  in  depend- 
ing for  results  like  these  upon  such  irregular  appearances  as  the 
extensions  beyond  the  elastic  limit.  But  all  these  proposals  are 
undoubtedly  worth  trial  in  practice.  Dr.  Joule's  plan  has  the 
merit  of  afl'ecting  the  plates  by  both  heat  and  pressure—  thus 
bringing  them  under  every-day  conditions." 

The  publication  of  Mr.  Paget's  paper,  of  which  in  this  and  the 
last  par.  we  have  thus  give  a  resume,  gave  rise  to  a  rather  lively, 
and  certainly  lengthy  discussion,  more  especially  between  its  author 
and  Mr.  D.  Kinnear  Clarke,  the  well-known  writer  on  Locomo- 
tive Engineering;  so  lengthened,  indeed,  that  our  space  utterly 
precludes  taking  up  the  matter,  even  in  the  most  condensed  form, 
although,  doubtless,  much  suggestively  practical  information  was 
elicited  during  the  discussion  which  would  have  been  interesting 
to  our  readers.  "We  can  therefore  only  refer  them  to  the  pages 
of  the  "  Engineer,"  where  the  letters  were  published. 

20.  (a)  Hie  Corrosion,  (b)  the  Incrustation,  and  the  (c)  Preser- 
vation of  Steam  Boilers. — In  the  "  Mechanics'  Magazine,"  under 
the  respective  dates  of  Feb.  24th,  March  3d,  and  March  10th, 
1865,  three  articles  on  the  subjects  above  noted  were  published. 
In  each  article  the  subject  was  fully  and  fairly  treated, — so  fully, 
indeed,  that  we  can  only  give  a  brief  abstract  of  what  was  said, 
referring  our  readers  to  the  articles  themselves  for  fuller  informa- 
tion. And  Jirst,  as  to  the  (a)  corrosion  of  boilers.  "  Corrosion  may 
go  on  for  years,  either  internally  or  externally  of  a  boiler,  and  no 
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suspicion  be  entertained  of  its  presence  until  an  explosion,  more 
or  less  serious  in  its  results,  reveals  the  dire  fact.  A  great  amount 
of  ignorance  prevails  with  regard  to  the  quality  of  water  used  for 
raising  steam,  owing  to  the  general  difficulty  in  judging  thereof. 
This  is  to  be  obviated  by  the  proper  use  of  chemical  tests,  but 
in  too  many  cases  the  tests  would  have  to  be,  and  even  are,  ap- 
plied by  those  lacking  sufficient  chemical  knowledge  to  enable 
them  to  arrive  at  correct  results.  Hence,  a  course  may  be  taken 
to  remedy  the  evil,  totally  unsuited,  if  not  opposed,  to  the  ne- 
cessities of  the  case. 

"  The  ingredients  in  most  waters  are  the  same,  differing  only 
in  their  relative  proportions,  the  principal  constituents  being  the 
carbonate  and  sulphate  of  lime.  But  other  ingredients  are  fre- 
quently found  in  combination,  and  exert  a  baneful  influence 
upon  the  metal  of  which  the  boiler  is  made.  Instances  are  not 
wanting  of  internal  corrosion  caused  by  the  acidity  of  the  water, 
which,  in  some  cases,  has  been  most  virulent.  Sometimes  the 
whole  plate  is  attacked,  presenting  a  honey-combed  appearance 
all  over  the  surface,  whilst  at  other  times  only  small  patches  and 
some  of  the  rivet  heads  are  eaten  into.  We  know  an  instance 
of  a  boiler  plate  having  been  reduced  from  an  original  thickness 
of  7-16ths  of  an  inch  to  less  than  1-1 6th  from  internal  corro- 
sion, the  surface  of  the  plate  being  honey-combed  all  over.  A 
badly  made  boiler  suff'ers  severely  at  all  the  seams  from  the  use  of 
corrosive  water.  Small  leaks,  which,  with  a  sedimentary  water, 
might  take  up,  are,  with  a  corrosive  water,  found  to  enlarge  their 
channel  constantly,  and  to  grow  worse  daily.  In  many  cases 
where  the  use  of  acidulated  water  (as  for  instance,  peaty  water), 
is  unavoidable,  great  benefit  has  ensued  from  the  use  of  soda.  By 
its  adoption  boilers  have  become  tight  which  were  previously 
very  leaky  and  required  constant  repair 

"  Unquestionably,  the  best  method  of  preserving  a  boiler  work- 
ing under  these  conditions  would  be  to  use  hard  water  for  a  time 
and  allow  the  boiler  to  scale.  If  hard  water  could  not  be  had, 
then  chalk  or  lime  or  sulphate  of  lime  might  be  added  so  as  to 
form  an  artificial  scale.  The  injurious  results  to  the  boiler  arise 
from  the  purity  of  the  water  and  the  absence  of  lime  salts.  If 
the  boiler  scaled  a  little  this  water  might  be  used.  Hence,  it  is 
doubtful  if  pure  waters  are  well  adapted  for  steam  boilers.     The 

p 


82  ENGINEERING  FACTS.  [Div.  I. 

addition  of  a  small  amount  of  lime  salts  is  beneficial,  as  by  being 
deposited  on  the  iron  they  preserve  it.  But  in  large  quantities 
these  salts  become  prejudicial  by  forming  an  incrustation.  The 
alternate  use  of  soft  and  hard  water  would  prove  advantageous. 
In  many  cases  where  corrosion  has  taken  place  in  boilers  where 
surface  condensers  are  used,  it  may  be  attributed  to  small  parti- 
cles of  the  copper  or  brass  from  the  tubes  of  the  condenser  being 
carried  into  the  boiler,  and  not,  as  is  often  supposed,  to  a  galvanic 
action  originating  in  the  condenser.  In  fixing  surface  condensers, 
care  should  be  taken  that  all  filings  and  other  loose  particles  of 
the  tubes  should  be  entirely  removed. 

"  External  corrosion  arises  generally  from  external  damp,  which 
is  caused  sometimes  by  water  penetrating  into  the  flues  and 
saturating  the  seating,  and  sometimes  from  blowing  seams  and 
rivets.  The  injurious  effect  upon  the  boiler  is  much  accelerated 
when  in  contact  with  the  brick-setting,  which  frequently  retains 
the  water,  and  holds  it  against  the  plate,  the  result  being  rapid 
oxidation.  Boilers  are  most  liable  to  external  corrosion  when 
set  on  mid- feathers.  7-1 6th  in.  plates  have  been  reduced  in 
this  way  to  l-8th  in.  thick.  This  external  corrosion  is  more 
esisily  prevented  than  cured,  and  prevention  lies  in  having,  in 
the  first  instance,  thoroughly  good  material  and  work,  both  in 
the  manufacture  and  setting  of  the  boiler.  Equal  care  should 
be  taken  to  secure  the  completeness  and  perfect  arrangement  of 
the  fittings,  inasmuch  as  the  blow-out  apparatus  and  the  lower 
man -hole  joint  in  front  of  the  boiler,  when  not  well  made,  are 
frequently  the  cause  of  damp  ash-pits,  from  which  serious  cases 
of  corrosion  have  resulted.  Similar  consequences  arise  as  well 
from  the  discharge  from  the  glass-water  gauges.  Channelling  has 
been  supposed  to  be  the  result  of  oxidation  caused  by  a  slight 
leak  at  the  joint.  This,  doubtless,  holds  good  in  some  cases, 
but  many  instances  occur  where  no  external  damp  can  be  dis- 
covered, and  on  separating  the  plates  no  trace  of  leak  can  be  de- 
tected. 

"  In  a  marine  boiler  external  corrosion  takes  place  in  the  region 
of  the  steam-chest  by  the  dripping  of  water  from  the  deck  ;  the 
bottom  of  the  boiler  is  corroded  by  bilge-water,  and  the  ash-pits 
by  the  practice  of  quenching  the  ashes  with  salt-water.  But 
these  sources  of  injury  are  easily  remedied.     A  felt  covering, 


Boilers.]         INCRUSTATION  OF  STEAM  BOILERS.  83 

upon  which  sheet-lead  is  laid,  will  preserve  the  top  of  the  boiler 
from  corrosion.  The  ash-pit  may  be  protected  by  guard  plates, 
which  may  be  replaced  when  worn  out,  and  the  wear  on  the 
bottom  of  a  boiler  will  be  but  trifling  if  it  be  bedded  in  mastic 
cement  laid  on  a  suitable  platform.  The  greatest  part  of  corro- 
sion, however,  in  a  marine  boiler  takes  place  inside  the  steam 
chest,  and  its  origin  is  Avrapt  in  obscurity.  If  it  arose  from  the 
chemical  action  of  the  salt  water  upon  the  iron,  the  flues  and 
other  parts  of  the  boiler  below  water-level  would  suff'er  corrosion, 
which  they  do  not.  In  vessels  where  the  boilers  are  supplied 
with  fresh  water  with  Hall's  condensers  no  great  increase  in 
durability  of  the  boiler  has  been  experienced.  The  parts  of  a 
marine  boiler  beneath  the  water  are  protected  from  corrosion  by 
the  thin  fdm  of  scale  spread  over  them,  and  when  other  parts 
are  worn  out  the  flues  are  generally  found  perfect.  The  steam, 
too,  in  corroding  the  interior,  operates  in  a  most  capricious  man- 
ner, diff'erent  parts  in  difi'erent  boilers  being  affected ;  and  in 
some  cases  a  steam  chest  will  be  worn  out  on  one  side,  the  other 
being  uninjured.  Boilers  are  more  corroded  where  there  is  a 
large  accumulation  of  scale  than  where  there  is  none ;  and  the 
iron  of  a  steam  chest,  where  the  funnel  passes  through  it,  is  in- 
variably more  corroded  than  where  it  does  not  pass  through. 
The  general  facts  lead  to  the  coi||lusion  that  internal  corrosion  in 
marine  boilers  is  due  to  the  presence  of  surcharged  steam  within 
them.  The  application  of  felt  to  the  outside  of  a  boiler  has 
been  found  in  several  cases  to  accelerate  internal  corrosion,  and 
this  may  arise  from  the  steam  being  kept  in  a  surcharged  state, 
which  would  cease  to  be  the  case  if  a  portion  of  that  heat  was 
dispersed." 

Secondly,  as  to  the  incrustation  of  steam  boilers,  the  writer 
remarks, — "  This  evil  is  too  frequently  regarded  merely  as  a  matter 
of  inconvenience,  or,  at  the  most,  as  a  nuisance  of  which  the 
owners  of  boilers  would  be  very  glad  to  be  relieved.  But  this 
is  a  false  light  in  which  to  view  it,  for  it  is  a  source  of  positive 
danger,  and  not  unfrequently  the  cause  of  steam  boiler  explosions. 

"  The  causes  of  incrustation  do  not  lie  very  deeply  hidden ;  it 
is,  therefore,  but  a  simple  matter  to  determine  them,  existing  as 
they  do  in  the  water  with  which  the  boiler  is  supplied.  Car- 
bonate and  sulphate  of  lime  form  the  principal  constituents  of 
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water.  The  carbonate  in  precipitating  forms  a  loose  powder,  but 
the  sulphate  a  hard  crust.  Both  together  will  also  form  a  solid 
incrustation,  more  or  less  hard  in  proportion  as  the  one  or  the 
other  of  the  salts  predominates.  This  deposit,  when  allowed  to 
accumulate,  forms  a  hard  scale  which  adheres  very  tenaciously  to 
the  iron  and  is  troublesome  to  remove.  There  is,  no  doubt, 
much  difficulty  experienced  by  the  owners  of  boilers  in  judging 
of  the  quality  of  the  water  they  have  to  use,  but  it  is  always 
open  to  them  to  have  a  chemical  anal^'^sis  made ;  and  this  is 
often  essential  when  there  are  two  or  more  sources  of  supply  in 
the  same  locality,  as  the  water,  although  apparently  obtained 
from  the  same  primary  source,  may  differ  very  greatly  in  its  com- 
position at  two  different  points.  There  is  an  instance  of  this  in 
a  well  which  produced  almost  pure  water,  containing  an  alkali, 
but  no  lime.  From  this  well  a  boiler  was  supplied  for  many 
years  without  any  incrustation  having  been  formed,  the  boiler 
being  cleaned  by  simply  brushing  out.  "Within  half  a  mile  of 
this  well  another  was  sunk,  but  which  yielded  water  containing 
so  large  a  proportion  of  lime  that  in  a  few  weeks  a  thick  incrus- 
tation was  formed  within  the  boiler  fed  with  it.  Both  wells 
were  sunk  through  the  London  clay  into  the  chalk.  It  is  a  fal- 
lacy to  attempt  to  estimate  water  from  its  appearance ;  transpa- 
rency does  not  always  mean  purity.  A  specimen  of  water  of 
perfect  apparent  purity  taken  from  a  London  pump,  gave,  on 
testing,  140  grains  of  different  kinds  of  salts  per  gallon  of  water, 
whilst  a  sample  taken  from  the  Thames — considered  bad  enough 
— yielded  at  the  most  20  grains  of  salts  per  gallon  tested. 

"  Of  the  preventions  and  remedies  which  have  been  proposed 
from  time  to  time,  it  may  be  said  their  name  is  legion ;  they 
form  the  subject  of  a  goodly  number  of  patents.  Among  the 
preventives  are  various  methods  of  filtration  and  purification 
by  chemical  processes,  whilst  the  remedies  consist  chiefly  of  a 
variety  of  compounds  best  known  as  *  boiler  compositions.'  Apart 
from  the  doctoring  processes,  are  several  simple  and  inexpensive 
remedies  which  have  proved  very  effective  in  preventing  incrusta- 
tion. One  of  these  consists  in  placing  small  logs  of  oak,  with 
the  bark  on,  in  the  boiler,  which  has  the  effect  of  reducing  the 
carbonate  of  lime  to  a  kind  of  sludge,  which  falls  to  the  bottom 
and  thus  preserves  the  boiler  perfectly  clean.     This  plan  has 
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been  pursued  by  one  of  the  London  water  companies  for  many- 
years  with  perfect  success.  Mahogany  sawdust  has  been  em- 
ployed with  advantage  for  the  same  purpose  as  the  oak  logs.  It 
acts  in  two  ways — first,  mechanically,  by  offering  so  many  small 
points  on  which  the  carbonate  and  sulphate  of  lime  may  be  de- 
posited, and  secondly,  by  a  peculiar  action  of  the  extractive 
matter  in  the  wood.  This  applies  more  particularly  to  oak,  espe- 
cially when  green,  in  which  state  it  should  be  used.  In  JS'orth 
Wales  the  water  used  in  boilers  is  oiten  perfectly  green,  and  oak 
sawdust  is  administered  in  considerable  quantities.  Chloride  of 
ammonium  will  convert  the  lime  salts  into  soluble  compounds, 
viz.,  sulphate  and  carbonate  of  ammonia,  and  chloride  of  calcium  ; 
but  in  practice  its  use  has  not  been  very  successful,  owing  to  the 
sal  ammoniac  and  ammoniacal  salts  acting  on  the  brass- work.- 
Where  the  action  of  a  cure  is  only  partial,  as  is  the  case  with 
some  boiler  fluids,  the  remedy  is  worse  than  the  disease.  For 
instance,  in  some  boilers  at  Woolwich  supplied  with  Thames 
water,  a  certain  composition  was  used  in  the  hope  of  preventing 
incrustation.  It  was  found  that  the  composition  only  acted  upon 
the  Hghter  portion  of  the  sediment,  leaving  untouched  the  heavier 
and  harder  portion,  which,  though  forming  a  much  thinner  de- 
posit, was  nevertheless  impenetrable  to  the  water,  whilst,  on 
leaving  the  lighter  and  the  heavier  ingredients  undisturbed,  they 
were  found  to  form  a  porous  substance  through  which  the  water 
could  reach  the  plates. 

**  Prevention  is  at  all  times  better  than  cure,  and  under  ordi- 
nary circumstances,  where  the  construction  of  the  boiler  does  not 
insure  immunity,  the  most  practical  plan  for  the  prevention  of 
incrustation  is  the  adoption  of  an  efficient  mode  of  blowing-out. 
A  more  complete  remedy,  however,  exists  in  the  adoption  of  what 
is  termed  dry,  or  surface  condensation.  But  the  benefits  to  be 
derived  from  judicious  blowing-out  are  not  generally  realised,  or 
there  would  not  be  the  irregularity  there  is  in  the  use  of  the 
blow-out  apparatus.  To  be  effectual  in  its  operation  it  should 
be  used  at  regular  intervals  during  the  day,  the  best  time  being 
whenever  the  engine  is  not  at  work  and  the  water  therefore  at 
rest.  Under  these  conditions  the  sediment  has  an  opportunity 
of  settling,  whereas  at  other  times  it  will  be  held  in  suspension 
by  the  rising  bubbles  of  steam,  when  blowing-out  will  be  com- 
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paratively  useless.  But,  however  regularly  the  operation  may  be 
performed,  it  cannot  be  effectual  if  confined  to  one  point  only  in 
the  boiler,  when  there  is  a  heavy  sediment.  But  the  action  may 
be  distributed  throughout  the  whole  length  of  the  boiler  by  hav- 
ing a  perforated  pipe  carried  from  end  to  end. 

"  A  simple  method  of  depriving  water  of  its  earthy  carbonates 
was  successfully  adopted  in  a  small  high-pressure  boiler.  This 
was  done  by  admitting  a  very  small  jet  of  cold  water  into  the 
exhaust  pipe  of  the  engine,  where,  mingling  with  the  waste  steam, 
it  condensed  a  portion  of  it.  The  steam,  by  raising  the  water 
to  boiling  heat,  drove  off  the  free  carbonic  acid,  and  the  neutral 
carbonates  were  thrown  down  on  the  sides  of  the  pipe,  which 
was  made  large  enough  to  allow  it  to  accumulate.  The  water 
then  ran  down  into  a  tank,  whence  it  was  pumped  into  the  boiler 
at  a  temperature  of  about  200  deg.  In  addition  to  this,  the  partial 
condensation  of  the  waste  steam  reduced  the  back  pressure  on 
the  piston,  and  the  result  was  a  saving  of  half  the  fuel,  the  boiler 
remaining  quite  free  from  scale.  But  better  than  all  these  is  the 
plan  of  using  boilers  properly  constructed  in  the  first  instance, 
by  which  incrustation  is  reduced  to  a  minimum,  if  not  entirely 
prevented.  By  a  properly  constructed  boiler  is  meant  one  so 
arranged  that  a  proper  circulation  of  the  water  is  effected.  In 
boilers  thus  designed  such  a  thing  as  scaling  is  of  very  rare  oc- 
currence. In  marine  boilers  incrustation  was  at  one  time  a  per- 
plexing matter  to  deal  with,  as  it  was  supposed  to  be  impossible 
to  prevent  the  boilers  of  a  steamer  from  becoming  salted  up  in 
some  seas.  But  it  has  been  ascertained  that  the  saltness  of  differ- 
ent seas  varies  but  little,  and  however  salt  the  water  may  be,  the 
boiler  can  be  preserved  from  any  injurious  amount  of  incrusta- 
tion by  blowing-out  as  already  noticed.  This  operation,  to  be 
effectual,  should  be  performed  very  frequently,  or  a  portion  of 
the  super-salted  water  may  occasionally  be  allowed  to  escape. 
But,  by  proper  blowing-out,  a  very  slight  scale,  at  the  most,  will 
ever  be  found.  There  is  no  excuse  for  the  engineer  who  allows 
his  boiler  to  become  damaged  from  incrustation." 

Thirdly,  on  the  preservation  of  boilers.  In  this  paper  the 
writer  returned  to  the  subject  of  incrustation,  showing  that  the 
best  way  to  prevent  it,  and,  in  so  preventing  it,  tending  to  ensure 
the  preservation  of  the  boiler  was  the  adoption  of  the  system  of 
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blowing-out.  And  in  noticing  the  benefit  of  this  he  draws  at- 
tention to  the  fact  that  the  fittings  of  a  boiler  connected  with  the 
blowing-out  apparatus  are,  as  a  rule,  very  generally  uncared  for. 
"  Great  carelessness,"  he  says,  *'  is  frequently  evinced  with  respect 
to  blow-out  taps  and  valves,  and  cases  are  not  wanting  in  which 
a  criminal  recklessness  has  been  displayed.  The  apparatus 
generally  used  consists  of  slides,  mushroom  valves,  wing  valves, 
and  taps.  With  respect  to  sluices  or  slides,  the  experience  is  that 
they  work  freely,  but  they  will  not  always  close  perfectly,  so  that 
it  may,  and  in  fact  does,  at  times  happen  that  they  are  acciden- 
tally left  open.  The  safety  of  the  boiler  is  thus  imperilled,  as 
the  water  is  brought  down  very  rapidly.  It  sometimes  occurs, 
too,  that  they  cannot  be  closed,  owing  to  the  sediment  becoming 
lodged  in  the  bottom  of  the  slide  or  sluice  boxes.  The  mush- 
room valve  is  readily  opened  and  permits  a  free  escape,  but  it  is 
often  found  that  particles  of  scale  blown  out  with  the  water  ef- 
fectually prevent  the  reseating  of  the  valve,  which  has  frequently 
led  to  their  disuse.  The  most  satisfactory  is  the  wing  valve, 
which  is  found  to  work  in  an  efficient  and  regular  manner.  The 
use  of  cast-iron  taps  is  to  be  deprecated ;  they  often  corrode,  and, 
sticking  fast,  are  utterly  useless.  Those  made  of  cast-iron  in  the 
shell  and  brass  in  the  plug  are  liable  to  draw  back  in  working. 
They  often  give  trouble  in  consequence  of  the  unequal  expan- 
sion of  the  metals.  They  are  generally  difficult  to  close  if  opened 
when  steam  is  up,  which  jeoi^ardises  the  furnace  crowns,  so  that 
where  such  taps  are  fitted  their  use  is  frequ'ently  limited  to  the 
occasional  emptying  of  the  boiler.  The  description  of  taps  found 
to  give  the  most  satisfaction  in  general  use  are  those  made  whol- 
ly of  brass  both  in  the  plug  and  shell,  and  fitted  with  glands  and 
packed.  There  is  a  greater  safety  in  their  use  than  in  that  of 
the  common  plug  tap,  in  which  the  fastening  often  gets  loose,  and 
on  opening  the  plug  flies  out,  severe  scalding  being  the  result. 
Cast-iron  taps  having  the  plug  and  shell  bushed  with  brass  are 
found  to  work  well,  although  it  is  a  question  whether,  on  the 
whole,  they  are  more  economical  than  those  made  of  brass  through- 
out. Long  levers  for  opening  and  closing  the  taps  should  be 
avoided,  as  they  strain  them  and  often  lead  to  fracture.  The  ar- 
rangement for  carrying  off"  the  water  too,  is  often  very  inefficient ; 
a  proper  waste  pipe  should  always  be  attached,  otherwise  tlie  pro- 
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bability  of  a  scalding  will  militate  against  the  proper  use  of  the 
apparatus,  or  when  used  will  lead  to  the  corrosion  of  the  boiler 
plates  by  the  saturation  of  the  setting. 

"Another  ready  method  of  preventing  incrustation  is  by  blowing 
out  the  scum  from  the  surface  of  the  water  by  means  of  a  scum- 
pipe  before  it  has  an  opportunity  of  settling.  The  system  has 
long  been  used  in  marine  boilers,  and  there  is  no  reason  why  it 
should  not  be  generally  adopted  in  stationary  boilers.  The  pipe 
about  to  be  described  is  stated  by  Mr.  Fletcher,  chief  engineer  of 
the  Manchester  Boiler  Association,  to  have  been  designed  for  the 
use  of  the  members,  and  to  be  in  use  in  many  boilers  with  great 
success.  In  some  instances  boilers,  after  a  month  or  six  weeks* 
work,  used  to  be  coated  with  a  heavy  muddy  deposit,  whereas 
they  are  now  perfectly  clean.  The  description  of  pipe  adopted 
is  about  three  or  four  inches  in  diameter,  having  a  wing  cast  on 
each  side  so  as  to  form  a  trough  throughout  the  entire  length  of 
the  pipe.  This  pipe  is  carried  within  the  boiler  from  one  end  to 
the  other,  being  made  in  any  convenient  lengths  for  introduction 
at  the  man-hole.  On  the  top  it  is  perforated  longitudinally  with 
small  holes,  the  aggregate  area  of  the  whole  number  of  the  holes 
being  equal  to  that  of  the  pipe  itself.  The  top  of  the  trough  is 
placed  a  few  inches  below  water  level,  so  that  the  scum  may  flow 
over  it,  when,  being  guarded  from  distui'bance  by  ebullition,  it 
deposits  in  the  still  water  above  the  trough  the  sedimentary  par- 
ticles held  by  it  in  mechanical  combination.  By  means  of  a  tap 
which  communicates  with  the  scum-pipe,  and  which  is  fixed  to 
the  front  end  plate  of  the  boiler,  the  deposit  may  be  blo^vIl  out 
as  often  as  necessary,  which  should  be  about  every  two  hours 
during  ebullition.  The  tap  should  be  about  two  inches  in  dia- 
meter, made  entirely  of  brass,  fitted  with  a  gland,  and  having  a 
wrought  iron  waste  pipe  attached.  The  waste  pipes  from  the 
glass  water  gauges  may  be  connected  with  it,  being  led  directly 
under  the  dead  plate,  which  makes  a  compact  arrangement.  The 
mopt  convenient  place  to  fix  the  scum-pipe  is  at  the  side  of  the 
boiler  rather  tlian  in  the  centre,  as  in  the  latter  position  it  is 
more  easily  fixed,  and  ofiers  less  obstruction  to  getting  inside  the 
boiler.  The  foregoing  scum-pipe  is  simple  in  construction,  and 
afi'ords  a  large  collecting  area;  it  has  another  strong  point  in  its 
fiwour,  it  is  not  the  subject  of  a  patent,  so  can  be  used  without 
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fear  of  royalty  being  asked  thereon.  There  are,  however,  other 
plans  in  operation  which  are  subject  to  patent  right.  One  of 
these  consists  of  a  series  of  vertical  tubes,  which  are  fixed  in  the 
centre  of  the  boiler.  Each  tube  terminates  in  a  trumpet  mouth, 
to  which  a  vertical  telescopic  movement  is  given  to  allow  for  the 
changes  of  water  level,  the  movement  being  effected  by  a  copper- 
ball  float,  so  that  the  mouth  of  the  pipe  is  kept  immediately  be- 
low the  surface  of  the  water  in  close  proximity  to  the  scum. 
This,  and  other  arrangements  of  a  similar  character,  are  found  to 
answer  satisfactorily. 

"  But  incrustation  is  sometimes  formed  under  peculiar  circum- 
stances, and  cannot  be  entirely  removed  by  the  blowing-out  ap- 
paratus alone.  In  general  a  small  quantity  of  carbonate  of  soda 
introduced  into  the  boiler  is  found  to  have  a  very  wholesome 
effect,  but  soda  should  only  be  used  in  boilers  provided  with  a 
scum -pipe,  as  otherwise  the  soda,  combining  with  the  grease  in 
the  boiler,  produces  foaming  in  the  water,  which  leads  to  prim- 
ing. We  have  previously  stated  our  views  with  regard  to 
*  boiler  compounds,'  and  we  find  the  general  testimony  to  be 
against  them.  As  a  rule  they  are  found  to  be  expensive,  some 
useless,  and  others  injurious.  It  would,  however,  be  unfair  to 
close  the  question  with  such  a  general  sweeping  condemnation, 
when  exceptions  do  here  and  there  crop  out.  But  these  excep- 
tions are  very  rare,  and  only  become  such  by  the  compound  be- 
ing used  in  cases  to  which  it  is  specially  applicable,  and  not  as  an 
indiscriminate  remedy  for  corrosion  or  incrustation.  One  instance 
of  the  efficacy  of  a  boiler  compound  which  has  come  under  our 
notice  is  that  of  the  boilers  at  the  Phoenix  Iron  Works,  Manches- 
ter, belonging  to  Messrs.  Elce.  The  water  used  is  drawn  from 
the  Ashton  canal  and  is  strongly  acidulated,  giving  much  trou- 
ble. After  several  months'  use  of  a  boiler  compound  (Wood  and 
Hall's)  it  is  stated  that  a  very  successful  result  ensued.  One  of 
the  principal  ingredients  in  this  compound  is  a  strong  caustic  al- 
kali, which  converts  the  acid  in  the  water  to  a  sulphate  of  soda, 
the  lime,  from  which  the  acid  has  been  liberated,  falling  as  a 
powder  to  the  bottom  of  the  boiler  to  be  blown  out,  or  being 
carried  off  by  the  scum-pipe  or  other  means.  There  are  a  few 
other  compounds  well  spoken  of,  but  in  any  case  the  utmost  cau- 
tion should  be  observed  in  their  use.     The  adoption  of  surface 
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condensers,  although  an  expense  at  first,  will  nevertheless  prove 
of  incalculable  benefit  in  the  end,  besides  effecting  a  great  saving 
in  water  rates  and  in  fuel  But  a  step  in  advance  of  this  is  the 
apparatus  M.  Emile  Martin  substitutes  for  the  surface  condenser, 
which  has  been  so  recently  noticed  in  our  columns  (Feb.  1 7,  p. 
100)  as  to  render  description  here  unnecessary.  It  suffices  to 
say  that  M.  Martin  separates  the  salts  held  in  solution  in  the 
feed  water  by  the  aid  of  superheated  steam,  the  deposit  of  scale 
taking  place  in  a  chamber  connected  with  the  boiler  instead  of 
in  the  boiler  itself.  By  this  apparatus  the  surface  condenser  is 
in  effect  superseded." 

21.  On  the  ttse  of  Soda  in  Boiler  Incrustation. — In  last  para- 
graph the  reader  will  have  noticed  the  reference  made  to  the  use 
of  this  substance.  In  a  subsequent  article  in  the  same  magazine 
(Mechanics',  under  date  May  20th,  1865)  the  following  remarks 
were  given  along  with  others — for  which,  however,  we  have  un- 
fortunately no  space — in  connection  with  the  subject.  "  Of  all 
the  numerous  chemical  substances  that  have  been  brought  into 
use  against  the  calcareous  incrustations  of  boilers,  the  com- 
mon soda  of  commerce  has  been  the  most  extensively  em- 
ployed. It  enters  into  the  composition  of  most  of  the  patented 
boiler  nostrums,  and  is  probably  almost  always  the  most  useful 
ingredient  in  them.  It  is  one  of  the  cheapest  of  chemicals ;  leav- 
ing no  injurious  action  upon  iron ;  being  also  perfectly  harmless 
to  the  human  system  (unlike  those  highly  poisonous  substances, 
arseniate  of  soda  and  oxalate  of  potash,  the  former  of  which  has 
been  patented);  and  it  has,  finally,  the  peculiar  merit  of  doing 
several  services  to  the  feed  water  at  one  and  the  same  time.  Not 
only  does  it  decompose  the  sulphate  of  lime,  and  neutralise  any 
free  acid  that  might  be  present  in  the  water,  but  it  also  serves  to 
destroy  any  greasy  matter  possibly  present,  the  injurious  effects 
of  which  are  scarcely  to  be  doubted.  The  only  precaution  that 
need  be  taken  in  using  carbonate  of  soda  is  to  avoid  having  a 
large  excess  in  the  boiler,  as  it  may  then  act  injuriously  upon  the 
engine-packing. 

"Although  sulphate  of  lime  is  comparatively  but  little  solu- 
ble— 100  parts  of  water  at  77  dog.  Fahrenheit  dissolving  only 
0'254  parts  of  sulphate  of  lime,  whereas,  of  common  salt,  for  in- 
stance, water  dissolves  more  than  one-third  its  weight — it  must 
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yet  be  practically  considered  as  the  only  crust-forming  substance, 
as  its  crystalline  form  and  hardness  induce  the  firm  caking  to- 
gether of  all  the  other  debris,  even  when  it  is  present  in  small 
quantity,  there  are  practical  proofs  that  no  hard  incrustation  is 
formed  when  it  is  absent,  except  under  very  peculiar  circum- 
stances. It  is  present  in  sea  water,  and  in  most  fresh  waters,  and 
begins  to  be  deposited  as  soon  as  the  water  in  the  boiler  has 
reached  a  certain  degree  of  density,  or,  in  high  pressure  engines, 
at  a  pressure  of  but  two  atmospheres,  or  124  deg.  Centigrade. 
Now,  besides  carbonate  of  soda,  there  are  only  two  substances 
which  can  be  practically  employed  for  the  decomposition  of  this 
injurious  salt,  viz.,  carbonate  of  potash  and  chloride  of  barium, 
but  they  are  both  much  dearer.  These  facts  are  the  plainest 
evidence  of  the  value  of  carbonate  of  soda  against  boiler  incrus- 
tations. Mr.  L.  E.  Fletcher,  the  chief  engineer  to  the  Manches- 
ter Association  for  the  Prevention  of  Steam  Boiler  Explosions,  in 
his  report  for  January  1863,  says: — 'The  use  of  soda  for  the 
prevention  of  incrustation  is  found  of  considerable  advantage  and 
increasingly  adopted.'  He  adds  in  conclusion  that  'there  are 
but  few  cases  of  incrustation  which  the  use  of  soda,  combined 
with  regular  blowing  out  from  the  surface  of  the  water,  will  not 
check.'  It  is  not  easy  to  determine  the  amount  of  soda  required 
to  exactly  decompose  all  the  sulphate  of  lime  in  the  feed-water. 
Mr.  J.  R  Napier,  in  a  paper  read  before  the  Glasgow  Philoso- 
phical Society  in  1858,  states  that  he  analyses  the  feed  water  to 
ascertain  the  amount  of  sulphate  of  lime  per  gallon,  and  then 
calculates  the  amount  of  carbonate  of  soda  requisite  to  exactly 
neutralise  the  sulphate  of  lime  in  the  water  taken  per  day.  He 
keeps  it  dissolved  in  a  small  iron  tank  placed  above,  and  com- 
municating with,  the  boiler  by  means  of  a  syphon  or  tap  so  ar- 
ranged as  to  run  the  soda  liquor  in  gradually  whilst  working,  so 
that  there  is  never  an  excess  of  carbonate  of  soda  present.  It  is 
not,  however,  always  easy  to  have  an  exact  quantitative  estima- 
tion of  the  amount  of  sulphate  of  lime  in  the  water.  The  follow- 
ing plan,  recommended  by  Mr.  Spence  before  the  Manchester  Li- 
terary and  Philosophical  Society,  may  therefore  be  more  accepta- 
ble to  the  practical  man.  A  small  vessel,  capable  of  containing 
about  two  gallons  of  water,  is  placed  on  the  suction  portion  of 
the  water-pipe  by  which  the  boiler  is  supplied,  and  a  pipe  of 
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half  an  inch  in  diameter  communicates  from  the  water-pipe  to 
this  vessel.  Every  day  the  boiler  man  puts  into  this  vessel  from 
one  to  one  and  a  half  pounds  of  soda  ash.  In  feeding  the  boiler 
the  fireman  turns  the  small  cock,  when  in  three  or  four  minutes 
all  the  solution  is  taken  up  and  passed  through  the  feed-pump. 
This  is  repeated  daily,  and  the  consequence  is  that  not  the  slight- 
est incrustation  is  formed  Mr.  Fletcher,  in  the  report  previously 
alluded  to,  also  says,  '  The  soda  is  better  introduced  in  small  re- 
gular doses  than  in  large  infrequent  doses.  In  many  cases  there 
might  be  fitted  to  the  suction-pipe  of  the  feed-pump  a  funnel 
mouth,  by  means  of  which  the  requisite  charge  could  be  intro- 
duced into  the  boiler  without  difficulty ;  its  rate  of  ingress  be- 
ing regulated  by  a  tap  between  it  and  the  suction-pipe.  In 
many  cases  a  separate  feed-pump  has  been  adopted,  fitted  with  a 
small  cistern  containing  a  day's  supply,  and  this  arrangement  has 
been  found  to  work  most  satisfactorily,' 

"  The  next  purpose  for  which  carbonate  of  soda  is  very  useful  is 
for  neutralising  any  free  acid  which  might  be  present  in  the  feed- 
water,  and  which  would  cause  a  very  destructive  corrosion  of  the 
boiler,  not  only  by  simply  attacking  the  iron,  but  possibly  also  by 
inducing  a  voltaic  action  between  the  non-homogeneous  parts  of 
the  boiler  plates,  upon  the  principle  lately  pointed  out  by  Mr. 
Paget. 

"  Perhaps  the  only  chemicals  (besides  carbonate  of  soda)  in  com- 
mon use,  against  boiler  incrustations,  which  have  at  least  the 
merit  of  being  certainly  perfectly  innoxious  to  the  iron,  are — 
chloride  of  barium,  which  decomposes  the  sulphate  of  lime,  and 
is  employed  on  the  continent,  but  is  at  present  too  expensive 
here  in  England  for  practical  use;  and  lime  (Dr.  Clarke's  lime 
process),  which  is  employed  at  several  waterworks,  but  can  only 
be  used  for  purifying  the  feed  water  from  carbonate  of  lime 
■previous  to  its  introduction  into  the  boiler. 

"The  average  price  of  commercial  carbonate  of  soda  is  about 
eightpence  per  pound;  white  soda  ash  is  but  little  inferior  for 
use  in  steam  boilers,  although  it  contains  more  of  the  usual  im- 
purities, such  as  sulphate  and  chloride  of  sodium;  the  price  is 
sixpence  per  pound.  Larger  quantities  would,  of  course,  be 
cheaper.  In  conclusion,  it  may  perhaps  be  expedient  to  remark 
that,  injurious  as  an  incrustation  really  is,  it  sometimes  appears 


Boilers.]  INCRUSTATION  IN  BOILERS.  93 

to  benefit  the  internal  surface  of  the  boiler  by  partly  preserving 
it  from  direct  contact  with  the  water,  and  the  consequent  rusting ; 
whereas  a  clean  and,  consequently,  unprotected  boiler-plate,  na- 
turally succumbs  more  or  less  to  the  continual  action  of  the  water, 
and  gets  to  a  certain  degree  corroded  internally.  Some  persons 
have,  in  consequence,  unreasonably  thrown  the  blame  on  the  soda. 
It  is,  therefore,  necessary  to  point  out  that  this  slight  oxidation 
is  most  probably  always  nothing  but  the  inevitable  effects  of 
wear  and  tear,  and  cannot  be  compared  with  the  loss  of  from  20 
to  70  per  cent,  of  heat,  the  red  hot  and  burnt  plates,  and  the 
hundred  and  one  other  injuries  and  losses  incurred  by  incrus- 
tations." 

22.  American  Plan  for  preventing  Incrustation  in  Boilers. — 
An  American  gentleman  of  the  name  of  Mr.  Davis  Embree,  of 
Dayton,  Ohio,  has  presented  to  the  Patent  Commissioners  of  this 
country  his  Specification,  with  a  request  that  "  it  might  be  pub- 
lished in  the  usual  course  of  business."  The  following  is  the  Speci- 
fication referred  to.  "  The  groundwork  of  my  invention,  or  rather 
application,  I  conceive  to  be  founded  on  sound  chemical  princi- 
ples. That  lime  is  the  basis  of  all  incrustation  in  steam  boilers. 
That  it  is  generally  found  to  be  carbonate  of  lime  or  limestone. 
That  it  assumes  the  form  of  crystals.  That  it  is  insoluble  in  wa- 
ter. That  particles  of  the  same  kind,  in  the  formation  of  crystals, 
unite  with  each  other,  adding  to  the  mass  first  formed  or  fixed. 
Incrustation  of  boilers  may  be  dissolved  by  an  acid  which  has 
stronger  af&nity  to  lime  than  carbonic  acid  has;  the  lime  and 
such  acid  will  unite,  generally  forming  a  compound  that  is  solu- 
ble, and  cannot  coat  a  boiler,  while  the  carbon  passes  off  in  form 
of  carbonic  acid  gas.  Incrustation  can  also  be  removed  by  an 
alkali  that  has  a  stronger  affinity  for  carbonic  acid  than  lime  has  ; 
such  alkali  uniting  with  the  carbonic  acid  leaves  the  lime  in  a 
pure  state,  which  is  soluble  in  a  sufficient  quantity  of  water,  and 
cannot  coat  a  boiler ;  the  compound  of  such  alkali  with  carbon 
wiU  also  generally  be  found  soluble.  To  prevent  incrustation  in 
steam  boilers,  one  other  mode  may  be  resorted  to, — that  of 
thoroughly  boiling  the  water  before  it  enters  the  steam  boilers. 
These  are  the  only  means  known  to  accomplish  the  object  desired. 

"  There  are  but  few  persons  aware  of  the  exact  condition  in 
which  lime  is  held  in  solution  in  what  is  called  hard  water.     It 
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is  not  carbonate  of  lime,  for  that  is  insoluble,  and  the  assuming 
of  that  form  causes  all  the  difficulty.  We  must,  therefore,  look 
to  some  other  combination,  for  every  new  combination  of  chemi- 
cal atoms  has  different  results,  and  these  atoms,  according  to  late 
authority,  unite  in  definite  proportions,  and  not  otherwise ;  hence, 
one  atom  of  lime  united  with  one  atom  of  carbonic  acid  \*^ill  form 
carbonate  of  lime  (insoluble).  If  one  atom  of  lime  unite  with 
two  atoms  of  carbonic  acid,  it  will  be  super-carbonate  of  lime,  a 
substance  that  is  soluble,  and  which,  we  contend,  is  the  true  con- 
dition of  lime  in  hard  water. 

"  Limestone  is  carbonate  of  lime.  By  being  burned  in  a 
lime-kiln  is  is  deprived  of  its  carbon,  and  its  water  of  crystalli- 
sation, and  becomes  quick-lime.  It  then  seizes  upon  a  certain 
quantity  of  water  or  carbonic  acid  wherever  it  may  come  in  con- 
tact with  them,  or  either  of  them.  Now,  take  a  small  quantity 
of  quick-lime,  either  dissolved  in  water  or  otherwise,  and  put  it 
in  common  hard  water,  and  it  will  immediately  seize  upon  the 
surplus  carbon  of  the  supercarbonate  of  lime,  and  reduce  all  the 
lime  in  the  watej  to  carbonate  of  lime,  which  will  be  insoluble, 
and  will  immediately  fall  to  the  bottom  of  the  vessel,  leaving 
the  water  as  pure  as  water  can  be  ;  hence  the  impossibility  of  its 
coating  a  boiler.  It  only  requires  two  tanks  or  tubs  for  water, 
that  one  may  be  settled  while  the  other  is  filled,  or,  if  the  en- 
gine be  supplied  from  a  well,  and  worked  only  in  the  daytime, 
the  lime  may  be  put  in  the  well  itself  of  an  evening,  and  it  will  be 
settled  before  morning.  The  quantity  of  lime  proper  to  be  used 
can  be  tested  by  litmus  paper.  If  there  be  a  small  surplus  quan- 
tity of  lime  it  cannot  injure  the  boiler. 

"  To  remove  incrustations  in  a  steam  boiler,  I  have  chosen 
still-slop,  an  article  not  heretofore  used.  It  costs  but  little,  and 
contains  a  large  quantity  of  vegetable  acid,  which  is  not  severe 
on  iron.  I  do  not  claim  the  discovery  of  any  new  chemical  prin- 
ciple. I  have  long  been  aware  that  vegetable  acids  would  de- 
compose carbonate  of  lime.  I  am  also  aware  that  quick-lime 
has  been  used  to  break  what  is  called  hard  water;  but  I  do 
claim  the  right  to  use  or  employ  known  materials  for  a  purpose 
which  is  new  and  useful,  when  such  appliance  has  never  been 
authorised,  patented,  known,  or  published.  What,  therefore,  I 
desire  to  secure  by  letters  patent  is  the  use  of  still-slop  to  pre- 
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vent  or  remove  incrustation  by  lime  in  steam  boilers,  and  the  use 
of  quick-lime  in  the  manner  herein  substantially  set  forth  to  pre- 
vent such  incrustation." 

23.  Novel  Plan  to  pi^event  Incrustation  in  Boilers. — The 
following  letter  has  been  addressed  to  the  editor  of  a  London 
Magazine : — "  Sir, — I  do  not  know  a  subject  of  greater  interest 
to  this  country  than  the  article  on  the  Incrustation  of  Steam 
Boilers,  so  ably  given  in  your  last  week's  magazine.  The  fact  is, 
steam  is  becoming  of  such  paramount  importance  in  every  branch 
of  industry  that  a  simple  efficacious  plan  for  keeping  boilers 
clean  would  be  invaluable. 

'*  Like  every  engineer  connected  with  mines,  I  have  had  my 
difficulties  with  dirty  water,  and  can  feel  for  others  in  the  same 
trouble.  "What  I  found  best  was  the  trays  inside  and  blowing 
off  a  little  often  when  the  pressure  was  well  up,  and  cleaning  out 
every  fortnight.     This  is  a  standing  rule  at  most  mines. 

"  Some  time  ago  I  had  a  thirty-horse  engine  to  fix  at  a  large 
mill  in  London,  and  certainly  the  water  in  the  well  was  the  worst 
I  ever  saw.  I  advised  the  parties  to  make  arrangements  with 
the  water  company,  if  possible ;  however,  they  could  not  come 
to  terms,  and  so  I  was  compelled  to  do  something  to  get  over  the 
difficulty.  It  struck  me  at  the  time  that,  if  I  could  boil  the  water 
sufficiently  before  pumping  it  into  the  boiler,  it  would  fix  a  great 
deal  of  the  solid  matter.  I  accordingly  had  a  tank  made,  6  ft. 
long,  2  ft.  deep,  and  2  ft.  broad,  watertight,  with  a  manhole  on 
the  top;  the  water  inside  was  supplied  from  a  cistern  with  a 
ball-tap,  so  as  to  keep  the  water  9  in.  from  the  top ;  the  exhaust 
steam  from  the  engine  played  right  on  the  top  of  the  water 
and  kept  it  boiling  all  day ;  two  pipes  conveyed  the  steam  up 
through  the  roof.  The  effect  was  this,  every  week  there  was  a 
slab  of  stone  formed  on  each  side  of  the  tank,  one  inch  and  a 
half  thick,  which  made  it  very  difficult  to  break  and  get  out  at 
the  man-hole,  but  with  very  little  blowing  off  it  saved  the  boiler. 
All  I  can  say  is  that  it  is  the  best  and  simplest  plan  that  I  know, 
and  one  every  engineer  can  adopt  at  a  small  expense.  I  may 
just  mention  that  the  water  was  so  foul  with  the  finest  sand  that 
no  strainer  would  keep  it  from  coming  through  the  pump. 

••  Maech  7,  1865. 
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SECTION  FOURTH. 

24.  Miscellaneous  Notes  on  Boilers  —  Exjylosions,  ^c,  S)'c. 
— Carelessness  in  Boiler  Management.  —  In  an  article  on. 
"  Official  Boiler  Explosions "  the  Engineer,  under  date  Jan- 
uary 20,  1865,  referring  pointedly  to  a  serious  accident,  involv- 
ing the  loss  both  of  life  and  property,  which  resulted  from  the 
testing  of  a  locomotive  boiler  in  the  repairing  shed  at  the  Great 
Northern  Railway  works  at  Peterborough,  in  which  the  test  was 
"putting  it  under  the  pressure  of  125  lb.  steam — the  usual  pres- 
sure employed  on  such  occasions  being  130  lb." — thus  remarks: 
"  But  the  idea  of  trying  this  boiler  with  steam!  Regarding  only 
the  eventual  safety  of  the  passengers,  it  is  clear  that,  in  common 
prudence,  such  a  test  must  be  necessarily  kept  very  low,  espe- 
cially as  it  is  the  common  opinion  with  engineers  that,  pressure 
for  pressure,  steam  strains  a  boiler  more  than  water. 

"  Now,  we  should  like  to  know  of  what  earthly  use  is  all  the 
talking  or  writing  in  the  world  against  such  recklessness  as  this 
— a  recklessness  equal  to  carrying  out  an  operation,  which  con- 
sists in  exploding  a  boiler  in  the  repairing  shed,  to  see  whether 
it  will  not  burst  when  put  on  the  line.  Of  what  use  are  all  the 
newspaper  writing,  all  the  juries,  all  the  Government  inspectors, 
in  the  world,  if  these  things  can  be  carried  on  in  the  broad  light 
of  day  1  We  shall  again  have  the  usual  elaborate  coroner's  in- 
quiry, the  usual  Government  inspector's  report,  and  the  usual 
number  of  newspaper  articles — and  all  again  to  no  purpose.  In 
fact,  this  case,  however  flagrant  in  reality,  will  be  forgotten  much 
sooner  than  any  other  incident  of  railway  slaughter,  as  the  peo- 
ple maimed  are  not  travellers,  but  servants  of  the  company.  The 
Compensation  Act  does  not  apply  here ;  even  if  it  did,  these  work- 
ing men  could  not  carry  forward  a  costly  suit.  As  to  the  rela- 
tives of  those  killed  outright,  the  company  is  probably  quite  safe 
against  actions  for  damages  by  them.  English  law  is,  in  many 
respects,  so  complicated — legal  decisions  depend  from  so  many 
threads — that  it  is  difficult  to  pronounce  with  certainty  upon  any 
question  of  this  kind — especially  when  scientific  technicalities 
add  their  complication  to  purely  legal  points.  It  is  to  be  sup- 
posed that  members  of  Parliament  would  not  try  to  introduce  a 
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bill  intended  to  correct  an  abuse  without  a  legal  basis  of  some 
soundness ;  and  the  bill  attempted  to  be  carried  last  session,  by 
Mr.  Ferrand  and  Colonel  Edwards,  '  for  Compensating  the  Fami- 
lies of  Persons  killed  by  Boiler  Explosions,'  was  to  fill  up  what 
certainly  appears  to  be  a  leak  in  the  present  law.  It  would  seem 
that  though  a  person  merely  injured  by  a  boiler  explosion  through 
neglect  can  at  present  recover  damages  against  the  proprietor,  the 
relatives  of  a  person  who  is  killed  outright  carmot  do  so,  'al- 
though the  death  shall  have  been  caused  under  such  circumstances 
as  amount  in  law  to  felony.'  According  to  this,  a  boiler  explosion 
in  England  is  the  less  likely  to  damage  the  owner's  pockets  when 
it  kills  the  victims  at  once  outright. 

"The  explosion  at  Messrs.  Sharp,  Stewart,  and  Co.'s  was,  at 
least  to  some  extent,  excusable.  In  the  first  place,  an  explosion 
of  a  new  boiler  through  a  defective  plate  is  of  very  uncommon  oc- 
currence ;  there  is  some  guarantee  that  a  new  boiler  is  safe,  as  both 
sides  of  the  plates  would  have  been  quite  recently  visible.  No 
unexpected  deteriorating  influence  could  have  been  at  work  here. 
Secondly,  even  as  recently  as  six  or  seven  years  ago,  boiler  ex- 
plosions were  generally  ascribed  to  mysterious  and  unaccountable 
agencies,  just  as  the  French  still  make  a  distinction  between 
ordinary  explosions  and  explosions  ^  fulminantes.''  Thirdly,  the 
manager  of  the  works  showed  his  confidence  in  the  boiler  by 
being  present  at  its  testing  by  steam. 

"  It  is  probable  that,  by  the  time  a  locomotive  superintendent 
is  blown  up  by  one  of  his  own  boilers,  we  shall  have  a  general 
reform  in  this  direction.  Not  one  of  these  excuses  is  tenable 
here,  and  the  whole  affair  must  be  ascribed  to  parsimonious  or 
careless  management.  The  great  majority  of  these  explosions 
are  due  to  the  failure  of  one  or  more  of  the  plates  of  the  barrel 
through  grooving,  and  as  long  as  the  greater  number  of  the  tubes 
are  not  drawn,  these  furrows  cannot  be  seen.  Now  one  of  these 
tubes  costs  from  25s.  to  27s.,  and  some  engines  have  more  than  300 
tubes.  When  drawn,  the  same  tube  cannot  be  replaced,  and  the 
drawing  also  injures  the  tube-plates,  which  would  often  require 
reboring ;  so  that  there  is  certainly  some  difficulty  in  obtaining 
both  economy  and  safety.  In  one  word,  the  tubes  last  longer 
than  the  plates — or,  rather,  the  plates  which  had  been  sound 
when  a  boiler  was  re-tubed,  become  dangerous  in  the  interval 
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Detween  a  fresh  re-tubing.  The  only  remedies  are  to  be  found  in 
the  adoption  of  welded  or  of  butt  longitudinal  joints,  or  of  stiff- 
ening rings  at  the  transverse  joints,  or  both.  In  this  way  the 
deterioration  of  the  plates  through  grooving  could  not  easily  out- 
strip the  wear  of  the  brass  tubes.  If  our  superintendents,  in- 
stead of  scheming  out  patents,  profitable  to  themselves  but  very 
dear  in  experimental  determination  to  the  companies,  were  to  give 
their  attention  to  a  safer  boiler,  the  question  would  be  soon  set- 
tled; but  there  can  be  no  safety  without  periodical  internal  exa- 
mination, and  this  cannot  be  obtained  without  drawing  at  least  a 
portion  of  the  tubes.  Whether  locomotive  boilers  could  be  so 
built  as  to  permit  the  withdrawal  of  the  tubes,  by  making  turned 
and  bolted  joints  at  the  smoke-box  and  fire-box,  is  a  question 
well  worth  trying.  The  plan  has  been  successfully  carried  out 
in  England  for  portable  engine  boilers,  and  we  have  seen  tubu- 
lar boilers  on  this  plan  on  the  Continent,  up  to  30  horse  power. 
But  even  with  all  these  precautions  uncertainty  will  always  exist 
as  long  as  boilers  are  not  periodically  tested,  and,  at  the  same 
time,  examined  internally. 

"  As  to  testing  boilers  on  the  Great  Northern  plan,  no  words 
are  strong  enough  to  express  oui-  opinion  on  the  matter.  Gun- 
makers  might  just  as  well  prove  their  barrels  without  carefully 
enclosing  them  in  a  bullet-proof  building,  or  chain  testers  might 
just  as  well  stand  by  to  be  cut  in  two  by  the  back  lash  of  a 
breaking  cable.  We  only  hope  that  the  Great  Northern  Com- 
pany will  be  treated  as  they  deserve  in  the  matter  of  compensa- 
tions to  their  injured  servants  or  their  survivors." 

25.  Mysterious  Boiler  Explosions. — Under  the  above  title  the 
"  Scientific  American  "  has  the  following.  "  That  steam  boilers 
are  long-sufi'ering  and  endure  neglect  and  abuse  without  destroy- 
ing the  authors  of  them,  is  amply  proved  by  hosts  of  occurrences 
similar  to  those  related  below.  By  late  English  mails  we  learn 
that  a  boiler  in  Birmingham,  England,  which  was  worked  from 
a  puddling  furnace,  became  so  hot  that,  through  want  of  water, 
the  plates  exposed  simply  bulged  out  and  tore  away  like  a  sheet  of 
pasteboard.  No  other  results  followed,  and  the  damage  ended 
with  the  rupture.  In  another  case  mud  accumulated  in  a  cylinder 
boiler  which  caused  the  plates  covered  by  it  to  burn  out,  when 
the  pressure  within  merely  rent  the  metal,  and  extinguished  the 
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fire  ;  no  sooner  was  the  plate  replaced  by  a  new  one  than  a  simi- 
lar accident  occurred  from  the  same  cause.  Another  injury  was 
caused  by  reliance  upon  a  float  for  ascertaining  the  height  of  wa- 
ter, although  there  were  gage  cocks  in  addition ;  the  float  became 
jammed,  and  the  water  was  evaporated  until  twelve  feet  of  the 
boiler  became  red-hot,  resulting  in  great  expense  for  repairs. 

"  If  these  boilers  had  been  blown  to  atoms,  if  the  surround- 
ing buildings  had  been  reduced  to  rubbish,  if  hundreds  of  human 
beings  had  been  wounded  and  maimed  for  life,  we  should  have  the 
theory-tinkers  on  the  stand  again,  and  '  ozone '  would  have  been 
heard  from.  We  should  have  been  told  that  some  mysterious  agent, 
some  unknown  but  tremendous  force  had  been  generated  by  the 
decomposition  of  the  water,  and  was  the  sole  cause.  Saturated 
steam  discharged  from  a  sound  boiler  into  the  superheated  at- 
mosphere of  the  exploded  boiler,  might  have  been  the  cause.  In 
short,  there  would  have  been  repeated  the  same  farce  which  is 
re-enacted  whenever  a  casualty  of  like  nature  occurs. 

*'  In  the  cases  above  cited  the  boilers  themselves  knew  more 
than  the  seekers  after  mystery  do.  The  one  burnt  out  gave  way 
from  a  palpable  cause,  and  the  same  neglect  transpiring  shortly 
after,  it  failed  again,  showing  that  it  was  simply  impossible  to 
exist  under  such  a  combination  of  causes.  It  is  so  with 
all  boiler  explosions.  Nine  out  of  every  ten  can  be  traced  to 
actual  deterioration  from  long  service  or  misuse,  and  it  is  a  dis- 
grace to  the  engineering  profession  that  they  should  countenance 
efforts  made  to  shroud  them  in  mystery.  The  result  of  such  ver- 
dicts is  simply  to  invite  neglect,  for  if  the  engine-tender  is  given 
to  understand  that  a  boiler  will  explode  by  causes  beyond  his 
control,  he  becomes  a  sort  of  predestinarian,  and  trusts  to  luck, 
when  he  ought  to  be  the  personification  of  vigilance.  All  the 
mystery  is  the  mystery  of  carelessness  which  might  be  prevented." 

26.  On  the  Cause  of  the  Violence  occasionally  attending  the 
Explosion  of  Steam  Boilers. — The  following  is  an  abstract  of  a 
paper  under  the  above  title  in  the  "  English  Mechanic,"  under 
dates  September  29th  and  October  6th,  1865.  "Few  questions 
of  practical  science  are  surrounded  with  greater  mystery  than  the 
cause  of  the  violence  with  which  boiler  explosions  are  sometimes 
accompanied.  If  a  comparative  degree  of  violence  was  at  all 
times  associated  with  the  explosion  of  boilers,  no  doubt  the  cause 
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of  the  explosion  itself  could  be  ascertained.  This,  however,  does 
not  happen  to  be  the  case.  By  far  the  greater  number  of  boilers 
are  destroyed  quietly,  and  without  any  greater  manifestation  of 
violence  than  if  they  were  simply  burst  open  by  cold  hydraulic 
pressure.  This  seeming  paradox  of  explosions  occurring  under 
the  two  opposite  conditions  has  involved  the  whole  question  of 
boiler  explosion  in  uncertainty.  It  is  a  singular  fact  that  the 
more  dangerous  and  formidable  explosions  have  been  known  to 
have  taken  place  in  boilers  while  at  their  ordinary  working  pres- 
sures, whereas  one  would  generally  be  led  to  consider  that,  except 
in  cases  of  undue  pressure,  or  some  inherent  defect  in  the  construc- 
tion of  the  boiler,  no  explosion  could  come  to  pass.  The  majority 
of  ordinary  boiler  explosions  which  occur  unattended  by  any  great 
amount  of  percussive  force  or  detonation  are  induced,  no  doubt, 
owing  to  some  defect  which  is  unobserved  during  the  construc- 
tion of  the  boiler,  or  which  becomes  developed  while  the  boiler 
is  in  process  of  working.  It  is  surprising,  however,  to  reflect  that 
at  least  seven  out  of  every  ten  boiler  explosions  which  take  place 
are  put  down  to  some  entirely  metaphysical  and  unexplained 
cause.  Leakage  is,  of  course,  a  very  frequent  forerunner  of  these 
catastrophes ;  but  the  forms  under  which  leakage  itself  takes 
place  are  A'^ery  numerous.  Although  few  have  been  investigated 
with  so  satisfactory  a  result  as  could  be  wished,  they  are  suffi- 
ciently marked  to  lead  to  the  conclusion  that  their  causes  are 
very  different.  Vibration  of  the  boiler  in  its  bed,  by  causing 
some  change  in  the  molecular  arrangement  of  certain  parts  of  the 
boiler,  may  often  lead  to  openings  along  the  rivet  seams,  or  in  the 
plate  itself,  which  afterwards  become  enlarged  to  full  and  devel- 
oped leakages.  When  the  water  once  finds  a  flow  through  the 
narrowest  channel,  it  begins  a  scour  upon  the  sides  of  the  open- 
ing, tending  to  widen  and  increase  the  flow,  and  when  the  air  is 
reached  a  combination  sets  in  between  the  metal,  and  the  oxygen 
contained  in  the  water  forming  an  oxide  which  is  continually 
washed  away  by  the  force  of  the  escaping  water. 

"  The  orifice  then  becomes  widened  by  successive  corrosions  of 
the  surfaces,  while  a  steady  oxidation  sets  in  on  all  the  surround- 
ing parts.  The  same  class  of  phenomena  are  also  more  or  less 
associated  with  steam  leakages  occurring  above  the  water  line, 
only  that  in  this  case  the  growth  of  the  leakage  would  be  accel- 
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erated,  as  the  abrasion  of  the  escaping  steam  would  operate  upon 
the  surfaces  of  the  metal  with  more  force  than  a  leakage  of  wa- 
ter. This  does  not  take  place  at  first.  Owing  to  the  compara- 
tive freedom  of  steam  from  oxygen,  very  little  decomposition  of 
the  surface  of  the  metal  would  take  place  unless  in  the  case  of 
a  leakage  of  long  duration,  as  the  hydrogen  of  the  steam  absorbs 
the  oxygen  from  the  air  as  soon  as  it  meets  with  it  in  the  course  and 
direction  of  its  escape.  When  condensation  sets  in  round  the  leak- 
age, oxidation  commences,  and  the  leakage  is  consequently  rapidly 
extended.  Probably  in  boiler  engineering  the  various  forms  of 
leakage,  and  more  especially  those  which  result  from  vibration, 
do  not  meet  with  so  much  attention  as  they  deserve.  The  fami- 
liar noise  produced  by  a  kettle  may  be  heard  upon  a  much  more 
extensive  scale  in  the  case  of  a  good-sized  boiler  in  which  the 
steam  is  being  got  up.  In  the  one  case  the  waves  of  vibration 
succeed  each  other  so  rapidly  that,  like  the  revolution  of  the 
prismatic  colours  on  a  disc,  although  they  may  not  be  in  every 
respect  the  same  as  to  duration  and  force,  but  a  single  impression 
is  conveyed,  being  that  of  a  uniform  and  prolonged  sound.  In 
the  case  of  the  boiler  these  vibrations  assume  the  character  of 
trifling  concussions,  each  of  which  is  perfectly  distinguishable 
from  those  that  precede  or  follow  it,  and  very  frequently  these 
minute  and  innumerable  shocks  effect  a  serious  modification  in 
the  material  of  which  the  boiler  is  formed. 

"There  is  besides  a  constant  circulation,  as  is  commonly 
known,  of  the  water  in  all  boilers,  tending  to  produce  a  great 
amount  of  vibration.  This  operates  in  oblong  boilers,  causing  a 
current  in  the  direction  of  their  length  from  the  front  end  to  the 
back,  and  in  other  classes  of  boilers  in  a  direction,  of  course, 
varying  with  their  form.  The  velocity  and  force  of  this  current 
differ  with  the  quantity  of  water  contained  in  the  boiler  and 
the  intensity  of  the  heat  used  to  effect  its  conversion  into  steam. 

"  This  is  a  serious  and  frequent  cause  of  boiler  destruction,  for 
it  must  be  remembered  that  when  a  certain  heat  is  attained  both 
in  the  steam  and  in  the  furnace,  and  corresponding  conditions 
are  established  between  the  heat  of  the  boiler  itself  and  the  atmo- 
sphere that  surrounds  it,  a  sort  of  communication  is  established 
between  the  internal  and  external  atmospheres,  and  it  is  owing 
to  the  want  of  a  fuller  knowledge  of  the  phenomena  which  tran- 
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spire  at  this  crisis,  probably  that  many  disastrous  cases  of  boiler 
explosion  may  be  fairly  attributed.  In  boiler  ruptures,  caused 
simply  by  the  expansive  force  of  steam,  it  would  seem  as  if  in 
some  cases  gases  of  which  steam  is  composed  possess  a  force  of 
adhesion,  or  combine  with  such  strength  after  they  have  attained 
a  certain  degree  of  elasticity,  that  they  do  not  operate  in  an  in- 
ferior direction,  but  accumulating  their  force  beyond  this  pitch 
they  wait  until  they  encounter  some  more  formidable  obstacle, 
and  in  a  moment  everything  is  hurled  on  to  destruction  by  the 
fearful  violence  with  which  they  become  disengaged.  The  proxi- 
mate cause  of  boiler  explosion  is  yet  involved  in  great  obscurity. 
It  was  considered  by  Dobereiner,  that  chemical  combinations  and 
decombinations  could  be  effected  through  the  medium  of  the 
closest  textures  of  iron,  or  other  bodies,  by  simple  capillarity,  but 
the  results  attending  the  operation  of  caloric,  light,  and  acidity 
are  such  that  human  ingenuity  can  scarcely  hope  to  arrest  them, 
however  successfully  such  results  may  be  provided  against.  The 
atmosphere  where  it  comes  in  contact  with  the  external  surfaces 
of  a  boiler  plays  a  much  more  important  part  than  may  be  held 
generally  to  be  the  case.  A  boiler  well  heated  and  producing  a 
good  steem  may  be  compared  to  a  cylindrical  body  trying  to  hold 
all  its  parts  together  between  two  equally  balanced  forces  which 
tend  to  separate  them,  by  pressures  acting  in  contrary  directions. 
Whatever  may  be  the  subtle  nature  of  the  phenomena  by  the 
operation  of  which  water  becomes  converted  into  steam,  it  is  clear 
that  a  reciprocal  change  is  continually  going  on  between  the 
atmospheres  inside  and  outside  the  boiler.  Besides  its  effective 
work  in  giving  motion  to  the  piston  of  an  engine,  steam  operates 
very  powerfully  in  another  direction.  The  entire  movements  of 
an  engine  are  due  to  the  momentary  diversion  of  steam  force, 
from  the  more  natural  way  in  which  it  would  seek  to  expand  or 
set  itself  free.  This  it  is  always  attempting  to  do  except  at  the 
intervals  when  its  force  relaxes  under  a  momentary  but  abnormal 
liberation  into  the  cylinder.  The  irue  direction  of  steam  is 
away  from  work.  It  has  been  found  by  recent  experiment,  that 
there  is  no  class  of  metal  so  compact  or  homogeneous  as  to  be 
altogether  free  from  percolation,  or  the  molecular  structure  of 
which  would  separate  it  from  those  that  are  known  to  be  porous. 
Carburetted  hydrogen  passing  through  an  or;linary  iron  gas  pipe. 
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although  having  a  force  of  direction  given  to  it,  may  be  adduced  as 
an  illustration.  Before  the  gas  reaches  the  extremity  of  the  tube 
not  only  will  the  hydrogen  have  exuded  between  the  molecules 
of  the  tube,  but  other  and  entirely  different  gases  will  have 
entered  and  assumed  its  place.  Thus,  unless  there  is  always  a 
strong  flowing  current  of  gas,  an  explosion  in  exposed  gas  mains 
would  be  always  imminent  when  a  flame  was  brought  near  any 
opening  made  in  them  during  the  time  of  their  being  tapped,  or 
bored  for  connections.  When  the  current  of  gas  flowing  through 
them  is  strong  the  danger  is  diminished. 

"  It  has  been  stated  by  some  writers  on  boiler  engineering  that 
a  continual  change  of  pressure  is  taking  place  in  the  boiler,  owing 
to  the  variation  of  the  load  put  upon  the  engine,  and  that  very 
little  difference  arises  regarding  the  working  of  the  boiler  itself 
when  once  the  steam  is  fairly  up. 

"  Morosi  was  of  opinion  that  on  the  stoppage  of  the  piston  at 
each  end  of  its  stroke,  the  whole  force  of  the  steam  was  so 
violently  arrested  as  to  cause  it  to  strike  back  suddenly  into  the 
boiler,  and  burst  it  open.  Now,  it  is  obvious  that  wherever  a 
force  operates  upon  a  fixed  and  immovable  body,  it  reacts  upon 
itself;  and  this  must  be,  in  a  certain  measure,  the  case  with 
steam  issuing  from  a  boiler.  But  the  causes  which  lead  to  vari- 
able pressures  in  the  force  of  the  steam  are  much  more  numerous 
at  the  seat  where  the  steam  is  generated  than  those  resulting 
from  a  difference  in  the  working  load  of  the  engine.  The  pheno- 
mena of  steam  generation  have  been,  perhaps,  too  much  overlooked 
in  regard  to  boiler  explosion.  The  leakages  of  steam  are  not  so 
numerous  as  the  leakages  of  water  in  boilers  ;  or  where  water  is 
the  resisting  body,  and  steam  the  force,  the  force  will  operate  by 
preference.  It  will  not  yield  or  escape  unless  it  be  impossible 
for  the  water  to  escape,  and,  in  this  case,  the  resistent  then  be- 
comes the  force. 

"  As  a  visible  force  steam  cannot  be  said  to  exist.  It  is  the 
name  only  for  an  effect  produced  in  certain  atmospheres  by  the 
operation  of  heat.  In  other  words,  steam  is  water  and  heat  to- 
gether— simply  water  and  heat.  If  this  heat  could  be  conveyed 
as  effectually  into  the  same  situation  by  any  other  means,  the  same 
results  might  be  expected  to  follow,  viz.,  the  expansion  of  air  into 
force  or  pressure. 
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"  It  is  worthy  of  being  borne  in  mind  that  water  cannot  be 
decomposed  by  heat.  At  all  the  stages  of  evaporation  through 
which  it  passes  it  is  normally  present  and  has  assumed  no  new 
quahties  whatever.  But  the  most  important  illustration  perhaps 
of  this  parting  with,  and  reassumption  of  the  natural  properties 
of  bodies  is  that  exemplified  in  the  conversion  of  water  into 
steam,  and  the  reconversion  of  steam  into  water.  WTiatever 
may  be  the  nature  of  the  change  caused  in  a  mass  of  water  by  its 
absorption  of  heat  or  the  passage  of  heat  through  it  escaping  at 
its  surface  in  the  form  of  bubbles,  it  is  held  to  be  impracticable 
to  reduce  steam  to  water  again  without  the  absence  of  heat. 
JJ^ow  it  is  commonly  known  that  a  quantity  of  water  placed 
under  the  receiver  of  an  air  pump  will,  as  the  exhaust  is  carried 
on,  appear  to  evaporate  with  great  violence.  The  resemblance 
to  the  phenomena  observed  in  the  generation  of  steam  is  in  this 
case  very  marked  and  singular.  The  water  will  appear  to  have 
become  condensed  on  the  inner  surfaces  of  the  dome,  and  the 
vessel  containing  the  water  may  be  entirely  emptied  by  continu- 
ing the  process.  The  influence  of  heat  in  producing  steam  is 
scarcely  yet  rendered  sufficiently  intelligible  to  lead  to  any  opinion 
more  reasonable  than  that  it  must  be  taken  away  to  re-establish 
those  conditions  which  it  had  apparently  changed.  The  tendency 
of  heat  applied  to  the  bottom  of  a  boiler  containing  water  is  to 
pass  through  the  metal  and  the  mass  of  water,  and  out  again 
through  the  upper  surface  of  the  metal  into  the  air.  It  is  curious 
that  the  manner  in  which  heat  should  be  conveyed  through  water 
is  in  the  form  of  cellular  splieres.  Certain  particles  of  water 
cohere  so  firmly  round  an  increment  of  heat  and  in  such  order 
that  they  eff'ectually  prevent  its  assuming  any  other  form  but  a 
spherical  one,  and  this  minute  ascending  globe  presenting  arches 
on  all  sides  to  the  pressures  by  which  it  is  encompassed  rises 
unhurt  through  a  mass  of  any  quantity.  Similar  results  may  be 
witnessed  in  cellular  globes  formed  without  heat,  some  of  wliich, 
although  presenting  a  large  area  to  the  pressure  of  the  atmo- 
sphere, and  being  only  1-1 0,000th  of  an  inch  in  thickness,  retain 
the  form  of  a  globe  until  their  contents  become  decomposed  and 
eventually  decompose  the  substance  of  which  the  spheres  them- 
selves are  formed. 

"  It  could  be  fairly  assumed  that  if  any  force  expanding  equally, 
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and  in  all  directions  from  a  point,  could  be  introduced  within 
one  of  these  spheres,  unless  the  elements  of  the  force  were  liable 
to  decompose  the  medium  within  which  the  expansion  occurred, 
would  always  retain  the  form  of  a  globe ;  but,  as  a  proof  of  the 
variable  expansion  of  steam,  it  may  be  remarked  that  heat  begins 
to  ascend  through  water  in  forms  representing  the  sections  of  a 
cone.  It  is  not  uncommon  to  observe  innumerable  bubbles 
floating  about  on  the  surface  of  boiling  water,  some  of  which  re- 
tain their  shape  for  several  seconds,  during  which  time  they  have 
a  motion  through  space  of  twenty  or  thirty  times  their  diameters. 
The  cause  of  this  motion  is  very  singular,  because  it  proves  that 
at  times  heat  can  disturb  a  great  quantity  or  weight  of  water  by 
the  simple  act  of  rising  through  it — whereas,  it  is  commonly 
supposed  that  its  levity  is  so  great,  that  it  would  have  no  more 
efiFect  upon  the  water  than  a  balloon  would  have  upon  the  atmo- 
sphere in  ascending  through  it.  When  these  globules  of  heat 
explode,  the  heat  they  had  contained  becomes  diffused  over  a 
larger  area,  by  taking  up  new  situations  in  the  smaller  interstices, 
between  the  gases  which  are  above  the  water  line  in  the  boiler. 
In  proportion  as  the  temperature  of  the  steam  space  increases, 
the  gases  expand,  and  the  interstices  between  them  become  di- 
minished in  size.  Thus  the  heat  is  gradually  forced  within  limits 
which  continue  to  grow  less  and  less  until  such  forces  of  com- 
pression and  resistance  are  reached  between  it  and  the  water  and 
material  of  the  boiler,  that  the  generation  of  more  steam  must  be 
arrested,  or  the  boiler  must  necessarily  give  way.  When  it  is 
considered  how  great  the  difference  would  be  in  the  size  of  a 
globule  of  heat  when  bound  by  and  liberated  from  the  pressure 
of  the  mass  through  which  it  has  to  ascend  to  become  operative 
as  force,  it  is  rather  astonishing  that  a  greater  number  of  boiler 
explosions  do  not  occur. 

"  Yet,  probably,  there  are  not  many  cases  where  the  force  of  the 
steam,  at  the  moment  of  an  explosion,  has  ever  nearly  approached 
the  measure  of  the  resistance  of  the  boiler,  and,  as  already  ob- 
served, it  is  not  where  the  steam  has  reached  any  unusual  pressure 
that  we  are  to  look  for  the  necessary  explosion  of  boilers.  Mr. 
D.  R.  Clark,  a  gentleman  who  appears  to  have  given  some  atten- 
tion to  the  subject  of  boiler  explosion,  stated  a  few  years  since 
when  the  subject  was  inviting  very  serious  attention,  that  the 
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percussive  force  of  the  steam  suddenly  disengaged  from  the  heated 
water  in  a  boiler  acting  against  the  material  of  the  boiler,  could 
not  be  adduced  in  explanation,  and  as  the  cause  of  the  peculiar 
violence  of  the  result  of  the  explosion.  Mr.  Clark  considered 
that  the  sudden  dispersion  and  projection  of  the  water  in  the 
boiler  against  the  boundary  surfaces  of  the  boiler  was  the  cause 
of  this  violence,  the  dispersion  being  caused  by  the  momentary 
generation  of  steam  throughout  the  mass  of  the  water,  and  its 
efforts  to  escape.  It  was  alleged  by  the  same  writer  that  the 
steam  carried  the  water  before  it,  and  that  the  combined  momen- 
tum of  the  steam  and  the  water  carried  them  like  shot  through 
and  amongst  the  bounding  surfaces,  and  deformed  or  shattered 
them  in  a  manner  not  to  be  accounted  for  by  single  overpressure, 
or  by  simple  momentum  of  steam.  This  forms  one  of  the  more 
ingenious  but  illogical  explanations  offered  concerning  violent 
boiler  explosions.  Whoever  has  witnessed  the  ascension  of  heat 
through  water  must  have  noticed  that  it  is  absolutely  impossible 
for  a  single  globule  of  heat  to  leave  the  water  Hne.  Nothing  but 
the  heat  is  suffered  to  get  free,  and  this  carries  only  increase  of 
temperature  to  the  steam  space.  Moreover,  a  spherical  body  can 
never  impart  velocity  to  a  Hquid.  A  shot  discharged  vertically 
into  a  vessel  containing  water  will  flatten,  and  in  sinking  cause 
a  rise  at  the  circumference  of  the  vessel  in  proportion  to  the 
quantity  of  water  it  has  displaced,  whereas  if  it  were  true  that 
heat  or  steam  could  project  water  against  the  inner  surfaces  of  a 
boiler,  the  shot  should  carry  a  column  of  water  through  the  vessel 
that  held  it.  It  is  probably  more  obvious  that  a  body  not  capable 
of  holding  water  upon  its  surface  cannot  project  it  with  force, 
but  rather  pushes  through  it,  and  suffers  the  water  to  subside 
about  it.  Thus  this  cannot  reasonably  be  alleged  as  a  sufficient 
cause  for  the  occasional  violence  of  the  explosion  of  boilers.  But 
supposing  that  in  the  generation  of  steam  the  decomposition  of 
water  proceeds  so  far  that  one  of  its  constituent  gases  is  disen- 
gaged, and  the  other  retained,  we  then  reacli  conditions  favourable 
to  this  violence.  It  would  perhaps  be  well  worthy  of  experi- 
ment to  ascertain  how  far  some  preparation  capable  of  rapidly 
absorbing  oxygen  would  not  prevent  boiler  incrustations,  because 
oxygen  is  so  dense  that  it  may  be  poured  from  one  vessel  to 
another  in  the  open  air,  while  hydrogen  will  cause  a  weighted 
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balloon  to  ascend.  It  is  probable  therefore  that  they  do  not 
operate  together  in  what  is  called  steam  power,  but  that  the 
lighter  gas  only  is  set  free.  If  heated  hydrogen  be  brought  in 
contact  with  air  an  explosion  is  inevitable,  and  this  fact  may  go 
some  way  towards  accounting  for  incipient  combustion.  If  it 
be  admitted  also  that  gases  may  pass  through  the  material  of  a 
boiler  it  will  be  then  seen  that  the  conditions  of  explosion  are 
imminent,  and  only  await  some  electrical  motion  to  set  them  in 
force.  This  is  given  by  the  starting  of  the  engine  which  exhausts 
the  steam  space  of  the  boiler,  and  suffers  the  air  to  enter  when 
an  explosion  results.  It  would  not  be  devoid  of  interest  to 
discover  if  a  boiler  exploding  in  this  way  would  give  off  a  mo- 
mentary flash  of  light,  because  boiler  explosion  may  represent  on 
a  small  scale  some  of  the  more  wonderful  phenomena  of  nature. 
Thunder  follows  lightning  and  precedes  a  fall  of  rain,  and  in 
boiler  explosions  we  have  water  producing  thunder,  and  perhaps 
unseen  hghtning." 

27.  Injury  to  Crotons  of  Furnaces  from  SJiortness  of  Water 
in  Boilers. — From  a  recent  report  of  the  Association  for  the  Pre- 
vention of  Steam  Boiler  Explosions  we  take  the  following : — 
"  Injury  to  furnace  crowns  from  shortness  of  water  appears  of 
late  to  have  been  of  very  frequent  occurrence.  Three  cases  have 
already  been  reported  since  the  commencement  of  the  year,  while 
two  more  have  happened  during  the  past  month.  The  majority 
of  these  cases  of  injury  occur  at  night-time,  when  the  furnaces 
are  banked  up ;  but  the  first  of  those  now  under  consideration 
took  place  at  about  half-past  one  in  the  afternoon,  when  the  fire- 
man was  at  his  post.  It  appears  that  he  misread  the  glass  gauge, 
mistaking  a  smaU  piece  of  white  scale,  which  clung  to  the  inside 
of  the  tube,  for  the  surface  of  the  water,  and  was  not  undeceived 
until  being  alarmed  by  hearing  a  cracking  and  thudding  noise 
inside  the  boiler,  as  well  as  by  noticing  that  the  steam  began  to 
rush  out  at  the  furnace-mouth,  angle  irons,  and  at  the  transverse 
seam  of  rivets  in  the  front  end  plate,  he  called  the  engineman, 
who  at  once  blew  the  glass  gauge  through,  and  discovered  that 
the  boiler  was  short  of  water.  The  engineman  promptly  put 
down  the  damper,  and  drew  the  fire,  just  in  time  to  prevent  ex- 
plosion, but  not  before  the  furnace  crowns  were  very  seriously 
drawn  out  of  shape. 
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"  The  boiler  was  of  the  internally-fired  two-flued  class,  and  was 
one  of  a  series  of  seven,  all  of  which  worked  at  a  pressure  of  60  lb. 
per  square  inch,  with  the  exception  of  the  one  under  considera- 
tion, which  was  used  for  heating  the  mill,  and  only  worked  at 
10  lb.  Had  the  boiler  been  working  at  the  same  pressure  as  the 
remainder,  explosion,  it  is  thought,  would  have  been  inevitable. 

"  It  has  been  frequently  recommended  in  previous  reports  that 
every  boiler  should  be  fitted  with  a  duplicate  glass  water  gauge, 
and  in  support  of  this  it  may  be  pointed  out  that  the  only  boiler 
in  the  series  referred  to  above  which  had  but  one  water  gauge 
was  the  one  to  which  the  injury  occurred.  Had  it  been  fitted 
with  two  gauges,  so  that  each  would  have  acted  as  a  check  upon 
the  other,  it  must  be  clear  to  all  that  the  probability  of  mistake 
would  have  been  considerably  reduced,  if  not  altogether  removed. 

*'  It  has  appeared  on  my  rounds  of  inspection  that  there  is 
more  '  method '  than  is  generally  acknowledged  in  the  occurrence 
of  these  mistakes  and  accidents  as  they  are  called,  for  certain 
it  is  that  they  happen  more  frequently  at  that  class  of  works 
where  order  and  genjral  cleanliness  are  considered  as  superfluities, 
than  where  everything  is,  as  a  matter  of  principle,  kept  up  in  the 
highest  style  of  efficiency ;  and  many  I  feel  will  agree  with  me, 
that  it  is  important  that  a  boiler  attendant  should  be  induced  to 
take  a  satisfaction  in  the  appearance  and  external  condition  of 
his  boiler  and  all  its  fittings.  A  fireman  who  took  a  pride  in 
keeping  his  boiler-front  in  good  order,  the  water-gauge  glass  trans- 
parent, the  brass  work  clean  and  bright,  and  the  taps  correct, 
would  scarcely  have  had  so  untrained  an  eye  as  to  have  mistaken, 
as  in  the  case  just  referred  to,  a  dead  speck  of  scale  for  a  column 
of  water,  which  should  have  been  alive  with  motion ;  and  it  is 
thought  that  the  orderly  keeping  and  appearance  of  a  firing 
space  and  boiler-front  should  by  no  means  be  regarded  as  a  matter 
of  useless  refinement,  but  rather  as  a  measure  of  positive  safety. 

"  The  second  case  of  injury  through  shortness  of  water  occurred 
at  night-time,  when  the  fires  were  banked  up,  and  the  boiler  was 
in  charge  of  the  watchman.  The  boiler  had  two  furnaces,  but 
one  only  being  charged  at  the  time  the  other  escaped. 

"  Both  the  boilers  referred  to  above  were  fitted  with  fusible 
plugs,  and  which  it  will  be  seen  proved  as  useless  in  both  these 
cases  as  they  did  in  the  three,  particulars  of  which  were  given  in 
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the  last  report.  The  experience  of  this  Association  with  low- 
water  safety  valves,  which  allow  the  steam  to  escape  as  soon  as 
the  water  falls  below  a  fixed  level,  certainly  shows  they  are  more 
reliable  than  fusible  plugs." 

28.  Defects  of  Boiler  Construction. — From  the  report  of  the 
same  Association  we  take  the  following.  "  The  construction  of 
some  of  the  boilers  lately  enrolled  in  the  Association  has  been 
found  to  be  very  imperfect.  Three  of  them  have  proved  to  be 
as  much  as  a  foot  oval  in  the  furnace  flues,  and  six  inches  in  the 
shell,  the  major  axis  being  horizontal.  This  is  a  very  imperfect 
arrangement.  Both  the  shells  and  internal  flues  of  boilers,  un- 
less mainly  or  entirely  dependent  on  stays,  should  be  made  truly 
circular,  since  a  slight  departure  from  this  shape  materially 
weakens  them ;  and  although  when  oval  they  may  be  able  for  a 
time  to  withstand  the  pressure,  yet  a  change  of  form  takes  place 
in  them  whenever  the  steam  is  got  up  or  let  down,  which  has  a 
very  weakening  effect,  and  soon  wears  out  the  plates.  This,  in 
locomotive  boilers,  leads  to  internal  grooving,  which  is  so  fruitful 
a  cause  of  their  explosion.  Three  other  boilers,  which  were  of 
the  hot-water  circulating  description,  for  the  purpose  of  heating 
and  ventilating,  although  of  a  large  size,  were  not  fitted  with  any 
safety-valves,  while  the  inlet  and  outlet  pipes  could  both  be  closed 
at  the  same  time,  so  that  the  pressure  could  be  bottled  up  inside 
the  boiler  while  the  fire  was  in  action.  Under  these  circum- 
stances, with  anything  like  a  brisk  fire,  explosion  would,  in  a 
very  short  space  of  time,  be  clearly  inevitable." 

29.  Shortness  of  water  in  a  boiler  not  essential  to  overheating 
of  the  plates. — "This,"  says  a  recent  writer,  "is  by  no  means  es- 
sential to  the  overheating  of  the  plates  in  a  boiler  when  they  are 
played  upon  by  an  intense  fire,  and  the  flames  allowed  to  im- 
pinge locally,  especially  if  the  water  be  not  good;  and  many 
cases  have  been  met  with  in  which,  under  these  circumstances, 
plates  have  become  overheated,  although  there  has  been  plenty  of 
water  in  the  boiler  at  the  time.  In  the  present  instance,  the 
flames  from  the  large  fire-grate — which  was  fed  with  coal  instead 
of  slack,  in  order  to  raise  more  steam — played  directly  upon  the 
vertical  side  of  the  boiler,  and  just  at  the  part  where  the  rupture 
occurred,  while  the  water  contained  a  good  deal  of  loose  sludgy 
deposit,  and  was  found  frequently  to  foam  up,  and  cause  the 
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boiler  to  prime.  In  vertical  heating  surfaces  the  steam  is  apt  to 
cling  to  the  plates,  and  to  creep  between  them  and  the  water. 
This,  in  the  upright  single  flue,  internally-fired  furnace  boiler,  in 
frequent  use  at  iron-works,  has  been  found  to  have  such  an  in- 
jurious effect  upon  the  flue -tube,  and  lead  to  so  many  collapses, 
that  this  description  of  boiler  has  in  many  cases  been  discarded. 
There  is,  therefore,  every  probability  that  the  overheating  was 
due,  not  to  a  deficiency  in  the  supply  of  the  water,  but  to  its  be- 
ing driven  away  from  the  plates  by  the  rapid  ebullition  of  steam 
within  the  boiler,  caused  by  furious  firing,  and  the  too  local  im- 
pingement of  the  flames  upon  a  vertical  surface,  combined  with 
the  use  of  sludgy  water.  This  view  is  corroborated  by  the  fact 
that,  when  overheating  occurs  in  consequence  of  ordinary  short- 
ness of  water,  the  plates  are  injured  in  a  line  parallel  with  its  sur- 
face, whereas  in  this  case  they  both  bulged  and  rent  in  a  line  at 
right  angles  to  it,  and  for  a  length  of  as  much  as  3  ft.  6  in.  So 
that  the  statement  of  the  fireman  may  after  all  be  correct,  that 
there  was  plenty  of  water  in  the  boiler  at  the  time  of  the  explo- 
sion, while  its  occurrence  is  only  another  illustration  of  the  dan- 
gerous character  of  these  externally-fired,  upright  furnace  boilers." 

30.  Troubles  incident  to  Steam  Boilers. — The  two  following 
articles  we  take  from  the  "  Scientific  American." 

"  '  I  don't  see  what  is  the  matter  with  my  boiler,'  said  a  friend 
recently,  *  it  used  to  make  steam  enough,  but  now  it  is  all  T  can 
do  to  run  the  engine  through  the  day.'  Upon  having  an  exami- 
nation, the  mystery  was  found  to  consist  of  ashes  in  the  smoke 
box  and  soot  in  the  tubes ;  simple  enough,  certainly.  The  cure 
was,  a  shovel  and  half  an  hour's  labour. 

"We  receive  frequently  elaborate  descriptions  of  boilers  and  en- 
gines by  mail,  giving  full  dimensions  of  each,  with  statements  of 
the  length  of  time  they  have  run  together,  with  a  request  to  state 
(generally  by  return  mail)  the  cause  of  their  decay  and  general 
failure  after  years  of  service, 

"  Many  people  have  an  idea,  apparently,  that  a  steam  engine 
loses  some  portion  of  its  vitality  every  year  in  some  unknown 
way,  so  that  its  decline  and  fall  is  simply  a  question  of  time. 
This  is  true  where  no  care  is  taken  of  machinery,  but,  with  intelli- 
gent supervision,  and  repairs  when  needed,  a  steam  engine 
one  hundred  years  old  will  be  as  good  as  the  first  day  it  took 
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steam.  It  is  as  unreasonable  to  expect  a  steam  engine  to  run 
continually  without  repair  and  inspection,  as  for  a  human  being 
to  exist  without  eating.  A  little  reflection  would  show  that  if  a 
steam  engine  has  run  for  a  term  of  years,  doing  the  same  work 
continually,  the  failure,  if  there  be  any,  arises  from  natural 
causes,  and  that  examination  of  it  by  a  competent  person  would 
be  the  course  to  adopt. 

"  It  often  happens  that  shafting  gets  out  of  line  in  a  shop,  and 
that  the  machines  generally  are  disordered  in  their  relation  with 
ihe  power  which  drives  them.  Where  this  is  the  case,  lining  up 
the  shafting  and  setting  up  the  machines  again  would  effect  a 
great  saving  of  power  and  fuel.  It  also  happens  that  boilers 
sometimes  give  out,  or  cease  to  make  steam  freely,  from  the  de- 
struction of  the  draught. 

"  If  one  building  be  erected  by  the  side  of  another  the  draught 
of  the  chimney  will  be  affected  when  the  wind  is  in  a  certain  di- 
rection, and  this  in  spite  of  the  general  cleanliness  and  good  con- 
dition of  the  boiler.  The  remedy  for  this  is  to  increase  the  height 
of  the  chimney  or  put  in  artificial  draught. 

"  It  is  also  frequently  the  case  where  pine  wood  or  bituminous 
coal  is  used  for  fuel  that  a  resinous  deposit  forms  on  the  inside  of 
the  tubes,  to  the  very  great  detriment  of  the  steaming  qualities  of 
the  boilers.  It  is  extremely  difficult  to  remove  this,  as  it  is  com- 
posed of  soot  and  resin,  and  adheres  to  the  iron  with  great  tena- 
city. A  whalebone  brush  is  sometimes  employed;  also  a  brush 
made  of  steel  wire,  but  these  instruments  merely  scratch  the  sur- 
face of  the  deposit  without  removing  it.  It  has  occurred  to  us 
that  a  strong,  hot  solution  of  potash  might  be  used  with  good  ef- 
fect in  this  case,  and  we  recommend  a  trial  of  it  at  least.  It 
cannot  hurt  the  boiler  externally,  and  is  so  easily  tried  that  it 
should  be. 

"  Another  acquaintance,  some  time  since,  called  our  attention  to 
his  boiler  and  engine,  the  boiler  failing  to  make  steam  sufficiently, 
although  in  size  it  was  ample.  The  defect  here  was  in  the  set- 
ting. The  boiler,  an  ordinary  cy Under,  was  set  on  top  of  two 
brick  walls,  as  the  cover  would  be  laid  on  a  box,  and  the  fire- 
place was  simply  a  gaping  cavern,  in  the  further  end  of  which  the 
throat  of  the  chimney  loomed  wide  and  voracious.  If  all  the 
heat  of  Vesuvius  in  eruption  were  turned  under  the  boiler  it 
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would  hardly  make  steam  enough  in  its  condition.  The  steam 
would  have  been  made  in  the  chimney,  for  that  was  where  the 
heat  went,  and  its  effect  on  the  boiler  seemed  more  like  a  passing 
favour  than  any  actual  duty  it  was  bound  to  perform.  When 
tho  furnace  doors  were  opened  a  roaring  wind  passed  through 
them,  and  the  blaze  went  far  up  the  chimney.  The  remedy  in 
this  case  was  to  lessen  or  obstruct  the  draught ;  to  add  a  bridge 
wall  five  or  six  feet  from  the  furnace  door,  and  to  put  a  damper 
in  the  chimney,  so  as  to  arrest  the  heat  when  desired. 

"  But  lately  we  received  a  letter  from  a  party  desiring  to  be  in- 
formed what  size  engine  a  boiler  of  certain  dimensions  would 
drive.  He  added,  on  closing,  '  If  the  boiler  is  not  large  enough 
it  can  be  lengthened.'  Not  large  enough  for  what?  the  engine 
it  would  drive?     This  seems  like  a  hasty  inquiry. 

"  As  has  been  recently  pointed  out,  the  field  for  improvement 
is  very  wide.  The  proportion  of  heat  utilized  to  that  driven  off 
or  lost  is  very  little — hardly  one-tenth — and  this  waste  is  going 
on  continually.  Of  course  the  quantity  differs  in  different  boilers, 
and  can  be  greatly  lessened  by  good  management,  but  that  great 
slovenliness  in  the  use  of  fuel,  and  great  indifference  prevails  on 
the  part  of  proprietors  toward  getting  competent  engineers  to  at- 
tend their  boilers,  is  apparent  to  any  intelhgent  observer." 

31.  Field  for  Improvement  in  Steam  Boilers. — "The  boiler  of 
a  steam  engine  costs  more  than  the  engine;  and,  considering  the 
wide  use  and  valuable  service  of  this  prime  motor,  there  is,  per- 
haps, with  the  single  exception  of  the  plough,  no  instrument  of 
more  importance.  There  is,  perhaps,  also,  notwithstanding  all 
the  inventive  faculty  and  experiment  that  have  been  expended 
upon  it,  no  instrument  more  imperfect.  A  boiler  of  ideal  per- 
fection should  secure  complete  combustion  of  the  fuel,  so  as  to 
obtain  all  the  heat  which  the  coal  will  yield;  it  should  transfer 
this  heat  to  the  water  to  form  steam,  and  it  should  hold  the  steam 
in  absolute  oecurity.  In  practice,  very  few  boilers  effect  com- 
plete combustion  of  the  fuel,  and  none  secure  the  transfer  of 
nearly  all  the  heat  to  the  water. 

"  When  anthracite  coal  is  the  fuel  used,  the  only  portion  of  it 
which  is  of  any  value  is  its  carbon.  The  burning  is  the  com- 
bining of  this  carbon  with  the  oxygen  of  the  atmosphere.  Car- 
bon combines  with  oxygen  in  two  proportions — one  atom  of  car- 
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bon  combining  with  one  atom  of  oxygen  to  form  carbonic  oxide, 
and  one  atom  of  carbon  combining  with  two  of  oxygen  to  form 
carbonic  acid.  According  to  the  experiments  of  Favre  and  Sil- 
berman,  one  pound  of  carbon,  burned  to  carbonic  oxide,  will  raise 
the  temperature  one  degree,  of  Fahrenheit's  scale,  of  4,451  lbs. 
of  water,  while  a  pound  of  carbon,  completely  burned  to  carbonic 
acid,  will  heat  one  degree  Fahr.  14,544  lbs.  of  water.  Hence, 
coal  burned  only  to  carbonic  oxide  generates  less  than  one-third 
of  the  heat  of  which  it  is  capable.  When  coal  is  burned  with 
an  insufficient  supply  of  air,  either  the  whole  or  a  portion  of  the 
product  of  combustion  is  carbonic  oxide. 

"  But  the  greatest  loss  of  heat  in  steam  boilers  is  the  failure 
to  secure  the  transfer  of  all  the  heat  generated  from  the  products 
of  combustion  to  the  water.  In  order  to  effect  this  as  nearly  as 
possible  the  tubes  should  have  the  thinnest  walls  practicable,  as 
we  recently  pointed  out.  It  is  also  quite  as  important  that  the 
walls  of  the  fire-box  should  be  of  thin  plate. 

"  Heat  is  radiated  from  all  substances  with  a  rapidity  propor- 
tioned to  their  temperature.  When,  therefore,  two  bodies  of 
different  temperatures  are  placed  in  contiguity,  the  warmer  will 
send  its  heat  into  the  other  more  rapidly  than  it  will  receive  heat 
from  the  other  in  return,  consequently  the  cooler  will  be  warmed 
with  a  rapidity  proportioned  to  the  difference  in  the  tempera- 
tures of  the  two.  The  same  law  applies  to  the  transfer  of  heat 
by  conduction  from  one  body  to  another ;  it  takes  place  with  a 
rapidity  in  proportion  to  the  difference  of  the  temperatures. 

"  Suppose  we  have  a  fire-box  plate  four  inches  in  thickness, 
with  fire  on  one  side  and  water  on  the  other ;  the  surface  next 
the  fire  may  be  red-hot,  while  that  next  the  water  is  only  250 
or  300  degrees.  There  being,  then,  but  little  difference  between 
the  temperature  of  the  gaseous  products  of  combustion  and  that 
of  the  contiguous  surface  of  iron,  the  transfer  of  heat  from  one 
to  the  other  goes  on  slowly  ;  and  the  same  is  the  case  with  the 
transfer  of  heat  from  the  interior  surface  to  the  water.  In  this 
case  the  products  of  combustion  go  up  the  chimney  at  a  high 
temperature,  carrying  away  nearly  all  the  heat  generated.  If 
the  plate  is  thin  there  can  never  be  this  great  difference  in  the 
temperature  of  the  two  surfaces — the  surface  next  the  fire  will  be 
cooler  and  that  next  the  water  will  be  hotter ;  the  transfer  of 
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heat  will,  therefore,  be  more  rapid,  and  the  rapidity  will  be  in 
proportion  to  the  thinness  of  the  plate. 

"  The  transfer  will  also  be  proportioned  to  the  rapidity  of  the 
circulation.  Water  is  one  of  the  poorest  conductors  of  heat,  and 
if  a  stratum  next  the  plate  remains  in  its  position,  so  soon  as  it 
is  heated  to  the  temperature  of  the  plate  the  transfer  of  heat 
ceases,  or  goes  on  with  the.  slowness  with  which  heat  is  conducted 
away  by  the  water;  but  if  the  instant  a  particle  of  water  is 
heated,  it  is  replaced  by  the  coldest  one  in  the  boiler,  the  trans- 
fer of  heat  goes  on  with  the  greatest  possible  rapidity.  In  plain 
kettles,  heated  from  the  bottom,  the  ebullition  creates  a  very  ac- 
tive circulation ;  but  in  small  tubes,  if  the  bubbles  of  steam  are 
passing  in  one  direction  and  the  water  in  the  opposite,  the  cir- 
culation is  seriously  impeded.  Inclining  the  tubes,  as  in  Dick- 
erson's  boiler,  is  an  exceedingly  simple  and  effectual  means  for 
producing  the  most  active  circulation,  and  is  probably  destined 
to  be  very  generally  adopted. 

"  The  most  effectual  plan,  however,  for  insuring  the  transfer 
of  all  the  surplus  heat  is  to  pass  the  products  of  combustion 
right  into  the  water.  This  plan  has  been  tried  on  a  steamboat 
on  the  North  River — the  John  Far  on — but  was  abandoned  in 
consequence  of  the  accumulation  of  ashes  in  the  boiler  ;  it  would 
seem,  however,  that  this  difficulty,  being  merely  mechanical, 
ought  to  be  overcome,  in  view  of  the  great  advantages  to  be  real- 
ized. It  is  true  that  both  the  air  and  the  fuel  would  require  to 
be  introduced  against  the  pressure  of  the  steam,  but  as  the  air 
would  be  worked  through  the  cylinder,  its  expansive  force  would 
doubtless  be  sufficient  to  drive  the  air  pump.  Prof.  Seely  has 
suggested  that  the  carbonic  acid  might  be  absorbed  by  the  steam, 
so  that  no  increased  tension  would  result  from  it  ;  but  tliis  cer- 
tainly would  not  be  the  case  with  the  nitrogen,  and  its  expan- 
sion would  at  least  prevent  any  loss  of  power.  This  plan  would 
give  not  only  the  most  effective  and  economical,  but  also  the 
simplest  and  cheapest,  of  all  conceivable  boilers.  All  that  would 
be  required  would  be  a  plain  cylinder  with  an  inclosed  fire-box, 
without  any  tubes,  stays  or  other  costly  adjuncts ;  and,  as  no 
heat  would  pass  through  the  shell,  it  might  be  of  any  thickness 
necessary  to  insure  absolute  safety  from  explosion. 

"  All  that  is  required  to  make  this  great  improvement  practi- 
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cable  is  some  simple  and  effectual  plan  for  preventing  ashes  from 
going  into  the  boiler,  or  for  readily  blowing  them  out  after  they 
are  introduced." 

32.  Pitting  of  Boiler  Plates. — "This  dangerous  deterioration 
of  the  plates  of  steam  boilers  has  been  traced  to  several  sources, 
the  most  important  and  most  usual  being  the  voltaic  action  due 
to  the  different  electric  condition  of  the  scraps  worked  into  the 
plates,  to  the  contact  of  different  kinds  of  plates,  or  to  that  of 
cast  and  wrought  iron:  the  water,  containing  more  or  less  of 
chemical  compounds  in  solution,  causes  the  electro-positive  metal 
of  the  galvanic  battery  thus  constituted  to  be  removed  with  great 
rapidity.  The  use  of  an  electro-homogeneous  metal — cast  steel, 
for  example — in  the  boiler  plates  naturally  prevents  pitting,  as 
the  galvanic  action  no  longer  occurs,  for  want  of  a  third  element. 
On  the  other  hand,  the  effect  is  greatly  augmented  when  the  wa- 
ter is  unusually  acid,  or  otherwise  corrosive,  from  peculiar  circum- 
stances. Hydrochloric  acid  is  frequently  present  in  marine 
boilers,  and  may  even  be  detected  in  the  steam  escaping  from 
them.  When  the  fuel  is  sulphurous,  the  feed-water,  or  the  wa- 
ter from  a  leak,  will,  if  exposed  to  it,  absorb  thirty  volumes  of 
sulphurous  acid,  and  the  effect  of  this  in  furrowing  may  easily  be 
conceived." 

33.  On  Priming. — In  the  "Engineer,"  under  date  December  1st 
1865,  there  is  a  lengthy  and  most  suggestive  article  on  this  sub- 
ject. We  regret  that  we  have  space  only  for  the  following,  and 
must  therefore  refer  the  reader  to  the  article.  After  describing 
the  remarkable  phenomena  connected  with  priming  and  the  puz- 
zling circumstances  which  these  bring  into  existence,  tending  to 
make  the  subject  a  most  difficult  one  to  deal  with,  and  which 
gives  rise  to  a  remarkable  diversity  of  opinion  on  it,  the  writer 
proceeds :  "  In  point  of  fact  it  is  better  that  the  investigator 
should  endeavour  to  divest  himself  of  every  impression  conveyed 
by  a  knowledge  of  those  conflicting  phenomena,  and  endeavour 
to  single  out  as  far  as  possible  those  facts  which  invariably  hold 
good  or  nearly  so  under  all  circumstances.  Unfortunately  these 
are  not  very  numerous,  but  they  are  very  simple.  As  a  rule,  a 
large  steam  space  reduces  priming :  in  the  first  place  by  giving 
the  water  time  to  separate  from  the  steam,  in  the  second  by  pre- 
venting sudden  changes  in  the  pressure  above  its  surface.    Again, 
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a  large  water  surface  acts  beneficially  by  providing  an  extensive 
area  from  which  the  steam  can  eliminate  itself  quickly  without 
carrying  up  much  water  with  it.  Furthermore,  in  a  steam  boiler, 
as  in  a  well -managed  household,  there  should  be  a  place  for 
everything,  and  everything  should  be  in  its  place.  That  is  to 
say,  water  should  not  encroach  upon  the  steam  space,  nor  steam 
on  the  water  space,  and  this  condition  can  only  be  secured  by 
providing  for  a  vigorous  circulation.  After  all,  these  statements, 
although  substantially  correct,  do  not  apparently  come  to  much  ; 
and  yet  on  these  alone  can  we  base  any  rules  for  the  construc- 
tion of  boilers  which  shall  possess  the  power  of  supplying  dry  or 
nearly  dry  steam. 

"  It  may  here  prove  useful  to  consider  for  a  moment  the  na- 
ture of  the  phenomena  from  which  priming  apparently  results. 
Priming  is  in  conventional  terms  nothing  more  than  a  boiling 
over.  The  steam  as  it  is  generated,  instead  of  escaping  freely 
from  the  water,  is  entangled  with  it,  and  carries  over  in  its  grasp 
a  certain  portion  of  the  fluid.  ]!^ow  it  is  not  very  easy  to  deter- 
mine the  exact  condition  of  a  mass  of  water  heated  up  to  the 
boiling  point  proper  to  the  pressure  to  which  it  is  subjected.  We 
know  that  steam  is  produced  by  the  separation  of  the  moleculea 
of  the  fluid,  and  that  a  comparatively  small  addition  of  caloric 
will  suffice  to  convert  a  portion  of  a  mass  of  water  already  on  the 
verge  of  ebullition  into  steam.  The  elastic  fluid  is  in  practice 
produced  as  close  as  possible  to — in  short  in  contact  with — the 
heated  surfaces  of  the  furnaces  and  tubes ;  but  it  is  only  by  a 
species  of  accident  that  any  one  portion  of  the  mass  of  water 
comes  into  this  contact  to  the  exclusion  of  any  other  portion.  It 
is  tolerably  clear  that,  so  to  speak,  the  whole  mass  of  water 
must  be  in  a  condition  approaching  that  of  unstable  equilibrium, 
and  that  it  is  only  prevented  from  all  ultimately  flashing  into 
steam  at  once  by  the  fact  that  it  is  a  comparatively  slow  con- 
ductor of  heat,  that  difl'erent  portions  of  the  mass  are  better  si- 
tuated for  taking  up  heat  than  others,  and  that  those  so  taking 
it  up  at  once  become  steam,  and  depart  to  the  surface.  Still 
there  is  not  much  room  to  doubt  that  the  molecules  of  heated 
water  have  lost  some  of  the  power  of  that  grasp  with  which  they 
clung  to  each  other  while  cold,  and  that  as  a  result  steam  just 
formed  can  hardly  fail  to  carry  with  it  something  whicli  is  not 
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exactly  water  nor  yet  steam — a  finely  divided  mist  in  fact,  hov- 
ering on  the  verge  of  either  condition;  and  this,  unless  time  be 
allowed  for  its  precipitation,  finds  its  way  to  the  cylinder  as  one 
form  of  priming.  The  process  by  which  large  bodies  of  water 
find  their  way  there  is  somewhat  different.  The  boiling  point 
at  the  bottom  of  a  deep  boiler  is  sensibly  higher  than  near  the 
surface,  and  thus  the  fluid  may  become  heated,  if  detained  in 
contact  with  a  furnace  crown,  to  a  point  higher  than  that  at 
which  it  would  boil  near  the  surface.  Where  the  circulation  is 
imperfect  water  may  thus  be  detained  for  an  appreciable  space  of 
time,  and  on  subsequently  rising  it  will,  possibly,  when  still  6  in. 
or  8  in.  from  the  surface,  flash  into  steam,  carrying  the  superin- 
cumbent water  with  it,  lifting  it  as  it  were  in  a  sheet  from  the 
water  below,  and  hurling  it  directly  towards  the  point  of  least 
resistance — the  orifice  of  the  steam  pipe.  Once  within  this,  of 
course  there  is  no  return.  The  priming  which  ensues  the  mo- 
ment a  vessel  leaves  the  sea  and  begins  to  take  fresh  water  into 
her  boilers  may,  perhaps,  result  from  a  somewhat  different  train 
of  events.  The  fresh  water  entering  rises  through  a  mass  of 
liquid,  which,  although  not  itself  necessarily  boiling,  is  neverthe- 
less heated  to  a  much  higher  point  than  that  at  which  fresh  wa- 
ter would  boil  under  the  same  pressure.  The  result  is  that  the 
feed  absorbs  heat  directly  from  the  salt  water  instead  of  waiting 
its  turn  to  come  into  contact  with  the  heated  iron,  and  flying  into 
steam  at  once,  carries  much  water  with  it.  Phenomena  of  a  si- 
milar character,  but  magnified  in  degree,  can  be  produced  by  in- 
jecting small  quantities  of  water  beneath  the  surface  of  a  melted 
fusible  metal  such  as  tin.  Some  time  may  elapse  before  the  so- 
lution of  salt  is  weakened  by  blowing  off,  and  so  long  as  any 
decided  difference  in  density  exists  between  the  contents  of  the 
boiler  and  the  feed  so  long  will  priming  continue  as  a  rule.  We 
lay  no  claim  to  originality  in  enunciating  this  theory.  It  is  due, 
we  believe,  to  John  Bourne,  and  we  repeat  it  here  because  we 
think  it  the  most  satisfactory  which  has  yet  been  advanced.  But 
neither  this,  nor  the  theory  by  which  it  is  preceded,  can  reconcile 
the  hopelessly  discordant  statements  advanced  by  engineers  to 
which  we  alluded  in  the  first  paragraph  of  this  article." 
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DIVISION  SECOND. 
FUEL-FURNACES— SMOKE  CONSUMPTION. 

SECTION  FIRST FUEL. 

34.  Theoretical  and  Practical  Value  of  Fuel. — It  is  a  some- 
what suggestive  circumstance  that,  while  attention  has  been  di- 
rected in  a  very  marked  manner  to  the  mechanism  of  the  steam 
engine,  comparatively  little  has  been  given  to  the  fuel  which  is 
used  to  raise  the  steam  upon  which  the  economical  working  of 
this  depends.  The  difference,  indeed,  between  the  theoretical 
or  assumed  value  of  fuel  and  the  value  we  get  out  of  it  in  prac 
tice  is  very  marked,  and  in  no  way  satisfactory.  The  average 
practical  value  falls  short,  very  short  indeed,  of  the  theoretical 
value  of  coal.  That  there  is  a  fault  somewhere  in  the  modes  in 
use  for  consuming  coal  is  evident  enough;  in  this,  as  in  other 
departments,  there  is  an  abuse  as  well  as  a  use  of  coal.  In  a 
very  suggestive  article  by  Mr.  Lewis  Thompson,  the  well-known 
chemist,  in  Newton's  London  Journal  of  Arts,  under  date  Nov.  1, 
1865,  and  under  title  "On  the  use  and  abuse  of  coal  in  our 
manufactories,"  there  are  some  points  bearing  closely  on  the  sub- 
ject now  under  consideration.  After  pointing  out  that  any  im- 
provement in  the  production  or  application  of  artificial  heat  would 
constitute  one  of  the  most  profitable  inventions  of  the  da}^ — and 
after  stating,  in  order  to  the  proper  understanding  of  the  subject, 
that  he  would  separate  the  chemical  from  the  meclianical  part 
of  the  argument,  Mr.  Thompson  thus  proceeds.  "  In  burning 
coal  we  really  burn  two  substances  which  differ  greatly  in  their 
combustible  qualities ;  that  is  to  say,  we  burn  hydrogen  and  car- 
bon, the  first  of  which  will  oxidise  or  burn  under  conditions  that 
leave  the  latter  unburnt.  Then,  again,  we  practically  attempt  to 
burn  coal  in  oxygen  gas  diluted  with  nearly  four  times  its  bulk  of 
nitrogen  gas;  tliat  is  to  say,  in  atmospheric  air.  But  the  chemi- 
cal impediments  to  perfect  combustion  created  by  such  an  attempt, 
amount  to  this:  firstly,  the  hydrogen  of  the  coal  being  more 
combustible  than  the  carbon,  has  a  disposition  to  seize  upon  the 
oxygen  of  the  air,  and  leave  the  carbon  unburnt;  secondly,  the 
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nitrogen  of  the  air,  by  diluting  the  effect  of  the  oxygen,  reduces 
the  intensity  of  the  heat  given  off  by  the  hydrogen,  so  as  to  bring 
the  temperature  below  that  point  at  which  the  carbon  from  coal 
will  burn ;  therefore,  chemically  speaking,  a  double  tendency  ex- 
ists to  leave  the  carbon  of  the  coal  unconsumed — a  fact  which 
we  see  daily  exemplified  by  the  formation  of  soot.  There  is, 
however,  a  much  more  serious  question  than  the  production  of 
soot  connected  with  the  difficulties  of  perfect  combustion,  and 
this  arises  out  of  the  disposition  of  red-hot  carbon  to  decompose 
carbonic  acid  gas  and  convert  it  into  carbonic  oxide  gas,  with  the 
absorption  of  an  immense  amount  of  caloric,  or,  in  other  words, 
with  the  generation  of  much  cold.  For  example,  if  one  pint  of 
carbonic  acid  gas  is  subjected  for  a  short  time  to  the  action  of  a 
quantity  of  red-hot  coke,  the  gas  is  decomposed  and  converted 
into  two  pints  of  carbonic  oxide  gas,  and  during  this  process  a 
vast  amount  of  heat  is  rendered  latent  or  lost ;  so  that  it  is  prac- 
tically possible  for  us  to  take  two  equal  quantities  of  coke,  and 
having  burnt  one  of  these,  then  to  pass  the  resulting  carbonic  acid 
gas  over  the  other  portion  of  coke  in  such  a  manner  as  to  absorb 
or  render  latent,  an  amount  of  heat  almost  equal  to  the  whole  of 
the  heat  given  off  by  the  first  portion  of  coke.  To  speak  plainly, 
it  is  possible  to  burn  coal  so  as  to  obtain  little  or  no  heat  from 
its  combustion,  in  consequence  of  the  formation  of  carbonic  oxide 
gas;  and  this  circumstance  we  most  earnestly  wish  to  impress 
upon  the  attention  of  the  public ;  for  the  production  of  unburnt 
coal  or  soot  is  a  defect  at  once  visible  to  the  eye,  and  therefore 
calculated  to  attract  the  notice  of  every  person ;  but  the  forma- 
tion of  an  invisible  gas  like  carbonic  oxide,  is  a  defect  which  may 
and  does  go  on  to  an  extent  far  beyond  even  the  imagination  of 
the  most  careful  manufacturer,  as  we  shall  hereafter  show  by  a  re- 
ference to  actual  experiments.  With  regard  to  the  mechanical 
difficulties  connected  with  combustion,  these  are  very  much  de- 
pendent upon  the  radiation  and  conduction  of  heat  by  the  differ- 
ent substances  employed  in  the  construction  of  our  furnaces  and 
tlie  steam-boilers  placed  over  them.  As,  however,  the  piinciples 
of  calorific  radiation  and  conduction  are  almost  totally  unknown 
to  the  constructors  of  our  furnaces,  it  need  not  surprise  us  to  find 
that  much  of  the  heat  produced  by  our  fuel  is  lost  or  misapplied 
in  the  generation  of  steam.     The  radiation  of  heat  takes  place 
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under  such  laws  that  its  effect  diminishes  as  the  square  of  the 
distance :  consequently,  if  a  fire  at  the  distance  of  one  foot  from 
a  boiler  is  able  to  boil  off  1 6  lbs.  per  minute  of  water  by  radia- 
tion, at  a  distance  of  two  feet,  it  will  boil  off  only  4  lbs.,  and 
at  four  feet  but  1  lb.  of  water  per  minute. 

"  In  respect  to  the  conduction  of  heat,  it  might  at  first  sight 
appear  that  in  this  particular  we  are  limited  to  the  conducting 
powers  of  water  and  malleable  iron;  but  a  very  slight  examina- 
tion of  the  practical  working  of  the  question  soon  teaches  us  that 
the  conducting  power  of  the  iron  is  set  at  nought  by  the  disposition 
of  calcareous  matter  having  a  conducting  power  scarcely  equal  to 
^th  of  that  possessed  by  iron.  To  render  our  remarks  intelli- 
gible, we  say  that  by  actual  experiment  we  have  proved  that  if 
an  iron  boiler  1  inch  thick  will  boil  off  50  lbs.  of  water  per 
minute,  the  same  boiler  having  within  it  a  calcareous  crust  1  inch 
thick,  will  boil  off  only  about  1  lb.  of  water  per  minute,  the  heat 
applied  to  the  exterior  of  the  boiler  being  equal  in  both  cases. 
Hence,  then,  we  see  that  it  is  possible  so  to  place  a  boiler  as  to 
lose  by  radiation  fifteen  parts  out  of  sixteen  of  the  heat  applied 
to  it;  and  again,  it  is  possible,  by  permitting  the  incrustation  of 
a  boiler,  so  to  diminish  the  conducting  power  of  the  iron 
as  to  lose  forty-nine  parts  out  of  fifty  of  the  heat  applied  to 
it.  No  doubt  these  are  extreme  calculations;  but  what,  after 
all,  is  the  real  condition  of  the  case  1  It  is  this,  that  practically 
at  this  moment  in  our  manufactories,  with  a  kind  of  coal  capable 
of  converting  fifteen  times  its  weight  of  water  into  steam,  only  6 
lbs.  of  steam  are  raised  per  1  lb.  of  coal  consumed;  in  other 
words,  more  than  one-half  of  the  coal  burnt  under  our  steam 
boilers  is  thrown  into  the  air  and  lost.  Nor  is  this  a  hasty  as- 
sertion, for  it  is  based  upon  the  daily  working  of  several  differ- 
ent steam  boilers  in  London,  Liverpool,  Manchester,  Newcastle- 
on-Tyne,  and  Glasgow. 

"  Having  thus  far  pointed  out  the  impediments  which  chemically 
and  mechanically  interfere  with  the  production  and  application 
of  the  heat  from  coal,  we  will  now  relate  what  we  ourselves  have 
done  within  the  last  two  years  by  way  of  removing  these  impedi- 
ments. To  ascertain  the  extent  of  the  loss  created  by  imperfect 
combustion  in  our  furnaces,  it  became  necessary  to  examine  tho 
composition  of  the  air  passing  from  the  chimney.     Of  course  we 
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had  no  difficulty  in  collecting  a  portion  of  this  air,  which  was 
then  analysed  in  the  following  manner : — From  a  measured  quan- 
tity of  it,  the  carbonic  acid  was  abstracted  by  a  solution  of  caus- 
tic potash ;  the  oxygen  was  then  removed  by  adding  a  little  pyro- 
gallic  acid  to  the  potash  solution ;  this  solution  was  then  poured 
out  and  replaced  by  a  solution  of  the  proto-chloride  of  copper  in 
muriatic  acid,  so  as  to  absorb  the  carbonic  oxide,  after  which,  in 
some  cases,  the  remaining  air  or  gas  was  passed  over  red  hot  oxide 
of  copper  contained  in  a  glass  tube,  with  a  view  to  discover  the 
quantity  of  hydrogen  contained  in  it.  It  might  have  been  anti- 
cipated that  the  results  from  different  chimneys  and  at  different 
periods  of  the  charge  of  fuel  would  have  been  exceedingly  various 
and  contradictory ;  but  although  not  absolutely  uniform,  our  re- 
sults present  a  general  agreement  in  the  most  important  features 
that  cannot  be  regarded  as  otherwise  than  satisfactory  so  far  as 
the  object  of  our  inquiry  is  concerned,.  After  making  upwards 
of  370  experiments  upon  the  air  from  42  different  chimneys,  we 
have  come  to  this  general  conclusion — that,  except  immediately 
after  a  charge  of  coal,  the  air  from  a  w?eZZ-fed  furnace  contains  no 
appreciable  amount  of  hydrogen  or  hydro-carbon,  or  sulphurous 
acid ;  that  the  quantity  of  carbonic  acid  gas  is  about  6  per  cent., 
the  quantity  of  oxygen  gas  about  9  per  cent.,  and  the  quantity 
of  carbonic  oxide  gas  about  8  per  cent.,  thus  leaving  us  to  infer 
that  about  9  per  cent,  of  the  oxygen  in  atmospheric  air  is  con- 
sumed by  the  hydrogen  of  the  coal.  Hence  it  appears,  that  in 
respect  to  the  production  of  heat  in  furnaces,  9  parts  of  the 
oxygen  of  the  air  escape  unacted  on ;  and  of  the  remaining  1 2 
parts  6  are  converted  into  carbonic  acid,  2  combine  with  the  hy- 
drogen to  form  water,  and  4  are  carried  off  in  the  shape  of  car- 
bonic oxide  gas.  Consequently,  we  may  say  that  out  of  every  12 
degrees  of  heat  which  ought  to  be  produced  by  our  fuel  4  degrees 
are  directly  abstracted  by  the  generation  of  carbonic  oxide  gas, 
and  probably  not  less  than  1  degree  in  addition  is  absorbed  by 
the  gas  and  rendered  latent ;  therefore  it  is  evident  by  the  ana- 
lysis of  the  air  from  our  furnace  chimneys,  that  -^ths  of  the 
fuel  consumed  upon  the  furnace  bars  is  lost  as  carbonic  oxide, 
and  thrown  uselessly  out  at  the  chimney.  But  we  have  seen 
that  practically,  in  the  generation  of  steam,  only  -^ths  of  the 
total  calorific  power  of  the  coal  is  employed  or  absorbed  by  the 
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steam  produced ;  and  if  we  allow  -^th  of  tliis  calorific  power  as 
a  necessary  means  for  creating  a  draught  in  the  chimney,  we 
shall  still  have  -fjths  unemployed  or  lost:  consequently,  in  a 
practical  point  of  view,  it  appears  that  heat  is  carried  off  other- 
wise than  by  the  action  of  the  carbonic  oxide  gas.  To  render 
the  amount  of  this  loss  intelligible,  we  must  reduce  our  fractions 
to  a  common  denominator;  that  is  ^-q  to  ^-^^  and  -f^  to  -^^^,  from 
which  we  see  that  ^^^ths  of  the  heat  are  lost  by  radiation  and 
imperfect  conduction.  If,  then,  we  assume  that  any  given  quan- 
tity of  coal,  when  burnt  in  our  steam-boiler  furnaces,  will  give 
out  1 80  degrees  of  heat,  that  heat  will  be  thus  distributed : — 

"  Usefully  employed  in  raising  steam  .  .         84  degrees. 

Lost  from  carbonic  oxide  gas  .  .  .         75        ,, 

Lost  from  radiation  and  imperfect  conduction  .         21        ,, 

Total        .  .  .  180 

"  Merely  to  point  out  an  imperfection  is,  after  all,  but  a  very 
sorry  qualification,  and  therefore  we  have  tried  to  go  a  little  fur- 
ther; we  have  tried  to  improve  our  steam-boiler  furnaces,  and  ap- 
parently with  some  success.  Many  years  ago  Dr.  Kennedy  as- 
serted that  the  hottest  part  of  a  furnace  is  one  inch  above  the 
bars,  and  this  is  true  with  furnaces  having  a  slow  draught ;  but 
with  a  quick  draught  it  is  otherwise ;  and  from  pyrometrical  ex- 
periments made  in  boiler  furnaces,  we  have  found  that  the  hottest 
point  is  between  two  and  three  inches  above  the  bars  of  the  fur- 
nace :  consequently,  we  recommend  that  never  more  than  four 
nor  less  than  two  inches  in  depth  of  fuel  be  upon  the  bars  of  a 
steam-boiler  furnace  in  action.  If  less  than  two  inches  be 
upon  the  bars,  much  useless  air  will  pass  through  the  fuel,  and 
carry  off  the  heat ;  if  more  than  four  inches  be  upon  the  bars, 
great  part  of  the  carbonic  acid  produced  near  the  bottom  of  the 
fuel  will  be  decomposed  near  the  top,  and  converted  into  carbonic 
oxide  gas  with  the  destruction  or  absorption  of  a  vast  amount  of 
heat,  thus  rendered  latent.  From  wh;it  we  have  stated  in  re- 
gard to  the  radiation  of  heat,  it  is  clear  that  the  boiler  ought  to 
be  placed  as  near  to  the  fire  as  possible,  and  by  so  doing  this  ad- 
ditional advantage  is  gained ;  it  prevents  a  lazy  stoker  from  over- 
charging his  furnace  bars  and  thus  producing  an  extra  amount  of 
carbonic  oxide.     Great  stress  is  laid  by  some  stokers  upon  the 
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burning  away  of  the  boiler  in  consequence  of  this  close  prox- 
imity of  the  fire :  it  is  not,  however,  the  nearness  of  the  fire,  but 
the  thickness  of  the  internal  crustation,  which  causes  the  burning 
away  of  the  boiler ;  and  this  we  will  hereafter  explain.  At  pre- 
sent, we  return  to  the  question  of  combustion.  From  our  ana- 
lyses of  the  air  in  the  chimneys,  it  is  evident  that  sufficient  oxygen 
exists  in  it  to  convert  the  carbonic  oxide  into  carbonic  acid,  or,  in 
other  words,  to  completely  burn  the  whole  of  the  fuel:  why, 
then,  is  the  carbonic  oxide  not  burnt?  This  arises  from  two 
causes :  the  positively  anti-inflammatory  nature  of  carbonic  acid 
gas,  and  the  cooling  influence  of  the  nitrogen  gas  and  steam 
boiler,  by  which  the  temperature  of  the  mixed  air  is  cooled  below 
that  point  at  which  carbonic  oxide  gas  will  take  fire  and  burn. 
Now,  although  we  cannot  alter  the  positive  power  of  the  carbonic 
acid,  we  may  overcome  the  cooling  influence  of  the  other  agents : 
and  this  has  been  most  successfully  effected  in  the  following 
manner: — A  cast-iron  tube,  4  inches  in  diameter,  was  fixed  in 
the  lower  part  of  the  chimney  and  made  to  communicate  with 
the  external  air  by  means  of  a  bend,  at  a  height  of  6  feet  from 
the  ground ;  to  the  lower  end  of  this  tube  a  similar  tube  was 
fixed,  and  this  was  made  to  pass  horizontally  under  the  boiler 
about  1  inch  from  it.  The  horizontal  part  of  the  tube  terminated 
immediately  over  the  back  of  the  furnace,  and  was  joined  to  the 
middle  of  a  cross-piece  of  similar  tubing ;  the  cross-piece  being 
as  long  as  the  width  of  the  furnace  and  closed  at  the  ends,  but 
pierced  all  along  with  a  number  of  ^-inch  holes  at  the  distance 
of  2  inches  from  each  other.  The  theory  of  the  action  of  this 
tube  is  very  simple ;  from  its  position  it  becomes  heated  through- 
out its  whole  length,  and  the  cross-piece  in  particular  becomes 
red-hot ;  the  draught  of  the  furnace  causes  the  air  to  enter  at  the 
bend  or  open  end,  and,  traversing  the  tube,  this  air  issues  in  a 
red-hot  state  from  the  holes  in  the  cross-piece,  where  it  meets  and 
burns  the  carbonic  oxide  gas  as  fast  as  this  is  generated  by  the 
fuel.  The  result  is,  that  in  four  steam  boilers  where  this  contri- 
vance has  been  applied,  the  steam  is  generated  much  more  readily 
than  usual,  and  a  manifest  economy  of  coal  is  taking  place. 
It  is  necessary,  however,  for  us  to  remark,  that  another  expedient 
has  also  been  adopted  in  the  case  of  the  same  boileis ;  this  relates 
to  the  prevention  of  incrustation.      A  few  careful  analyses  had 
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convinced  us  that  this  incrustation  is  not  due  to  carbonate  of 
lime,  but  to  sulphate  of  lime,  by  which  the  particles  of  carbonate 
of  lime  are  cemented  together  and  converted  into  a  crust.  To 
prevent  the  formation  of  this  crust,  it  is  necessary  only  to  destroy 
the  sulphate  of  lime,  which  is  easily  done  by  adding  1  lb.  of 
common  carbonate  of  soda  (washerwoman's  soda)  to  every  300 
gallons  of  water  supplied  to  the  boiler.  This  converts  the  whole 
of  the  lime  into  carbonate,  which  has  no  tendency  to  agglutinate, 
but  remains  as  a  semi-crystalline  powder,  that  may  either  be  col- 
lected by  placing  an  empty  vessel  in  the  boiler,  or  it  may  be 
blown  out  at  intervals  in  the  form  of  milky  fluid.  In  both  cases 
the  conducting  power  of  the  iron  boiler  is  preserved,  which  not 
only  facilitates  the  development  of  steam,  but  prevents  the  burn- 
ing or  oxidisement  of  the  boiler.  That  it  must  also  prevent  or 
dinunish  the  number  of  explosions  is  more  than  probable." 

35.  The  evaporative  powers  of  different  coals  in  practice  ap- 
pears, says  Mr.  P.  Nursey  in  a  paper  on  "  Fuel "  recently  read 
before  the  Society  of  Engineers,  to  be  nearly  proportionate  to  the 
quantity  of  carbon  they  possess  :  bituminous  coal  is,  therefore, 
less  efficacious  than  coal  consisting  chiefly  of  pure  carbon.  A 
pound  of  the  best  Welsh  or  anthracite  coal  is  capable  of  raising 
from  9^  lb.  to  10  lb.  of  water  from  212  deg.  into  steam  ;  whereas 
a  pound  of  the  best  Newcastle  is  incapable  of  raising  more  than 
about  8^  lb.  of  water  from  212  deg.  into  steam.  Mr.  Wicksteed 
gives  the  following  table  of  the  comparative  evaporative  powers 
of  various  coals  when  burned  under  boilers  : — 


Description  of  Coal. 


No. 

1. 
o 

Mm 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 


The  best  Welsh, 

Anthracite, 

Best  small,  Newcastle, 

Average,  small,  do., 

Average,  Welsh. 

Coke  from  Gas-works, 

Coke  and  small,  Newcastle,  i  and  4» 

Welsh  and  Newcastle  mixed,  4  and  4, 

Derbyshire,  and  small  Newcastle,  4  and  i, 

Average,  large,  Newcastle, 

Derbyshire, 

Blythe,  marine,  Northumberland, 


Water  eva- 
porated  per 
pound  of  coal 

Comparative 
cost  per  ton 
in  London. 

Lbs. 

s.    d. 

9-493 

17  11 

9-014 

17    0 

8-524 

16     1 

8-074 
8-045 
7-908 

15     2f 
15     2i 
14  11 

7-897 
7-865 

14  10| 
14  10 

7-710 
7-658 
6-772 
6-600 

14     64 
14     5i 
12     91 
12     54 
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36.  The  Calorific  Value  of  Fuel. — In  an  article  in  the  "Me- 
chanics' Magazine,"  under  date  Feb.  10th,  1865,  many  points  of 
value  in  connection  with  this  subject  are  given.  Space  only  per- 
mits us  to  give  an  abstract  of  the  article,  referring  the  reader  to  the 
No.  of  the  Magazine  in  which  it  appears  for  the  remainder.  After 
naming  the  three  natural  fuels,  wood,  peat,  and  coal,  and  the  two 
artificial  ones,  charcoal  and  coke,  making  up  the  five  fuels  gener- 
ally employed ;  and  after  briefly  explaining  the  nature  of  com- 
bustion, the  writer  proceeds  to  detail  the  theoretical  considerations 
affecting  the  value  of  fuel,  and  then  sums  up  the  whole.  "  The 
conclusions  to  be  drawn  from  these  theoretical  considerations  are, 
in  the  first  place,  that  all  fuels  have  not  the  same  calorific  value, 
and  this  leads  to  a  consideration  of  the  circumstances  which  in- 
fluence its  steam-raising  power  and  its  thermal  effect.  With 
regard  to  the  fiLrst  point,  a  loss  of  heat  occurs  in  the  furnace  by 
the  latent  heat  of  water  vapour  from  damp  fuel,  and  also  from 
the  additional  presence  of  hydrogen,  and  by  the  gaseous  products 
of  combustion  escaping  by  the  chimney  at  high  temperatures. 
If  the  gases  were  arrested  in  their  progress  and  applied  to  the 
purpose  of  heating  the  boiler  water,  the  loss  would  be  very  much 
diminished ;  practically  there  are  here  difficulties  in  the  way. 

"  When  water  passes  into  steam  a  quantity  of  heat  becomes 
latent  and  is  practically  lost ;  hence  water  is  the  worst  constituent 
of  fuel.  The  conclusion,  therefore,  is  that  wood  and  peat  are 
bad  for  fuel,  inasmuch  as  they  contain  hydrogen  and  oxygen, 
which,  though  not  in  the  form  of  water,  yet  by  their  union  pro- 
duce water  in  combustion.  Again,  it  has  been  stated,  that  nitro- 
gen, sulphur,  and  ash  are  undesirable  in  fuel ;  and  as  they  take 
up  some  of  the  heat  evolved  by  other  constituents  they  might 
be  replaced  by  better  things.  Further,  the  quantity  of  heat  pro- 
duced by  a  given  fuel  is  not  the  criterion  of  its  intensity,  the 
temperature  being  influenced  by  the  quantity  and  nature  of  the 
products  of  combustion  as  by  the  gross  amount  of  heat  evolved. 

"The  temperatures,  as  laid  down  in  theory  are  not  attainable 
in  practice,  inasmuch  as  combustion  is  never  perfectly  carried  out 
even  in  the  best  constructed  furnaces.  Besides,  a  large  amount 
of  heat  is  lost  by  radiation ;  and,  what  is  still  more  important, 
it  is  not  possible  to  admit  into  the  furnace  the  precise  quantity 
of  air  required  for  perfect  combustion.     A  much  greater  amount 
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may  pass  through,  so  the  available  heat  would  be  distributed 
over  all  this  excess  of  nitrogen  and  oxygen,  and  the  result  would 
be  a  proportionate  reduction  of  the  temperature. 

"  Carbon  in  burning  combines  with  oxygen  to  produce  car- 
bonic acid  ;  or,  if  the  amount  of  oxygen  be  small,  carbonic  oxide 
may  be  produced  by  a  subsequent  change.  But  the  heat  evolved 
in  the  two  cases  differs  very  widely  in  amount.  As  the  quantity 
of  carbonic  oxide  increases,  the  greater  the  loss  of  heat  becomes. 
This  singular  result  is  due  to  imperfect  combustion,  and  it  clearly 
affects  both  the  quantity  and  intensity  of  heat  obtained  by  burn- 
ing carbon,  and  in  practice  is  of  importance.  In  calculating 
temperatures  it  has  been  assumed  that  carbon  could  be  burnt  in 
a  quantity  of  air  containing  the  precise  amount  of  oxygen  neces- 
sary to  combine  with  the  carbon  to  produce  carbonic  acid.  But, 
if  a  large  amount  of  carbonic  acid  be  present,  carbon  cannot 
burn,  even  with  plenty  of  oxygen,  so  that  much  more  air  passes 
through  the  furnace  than  contains  the  quantity  of  oxygen  neces- 
sary for  convertii^g  all  the  carbon  of  the  fuel  into  carbonic  acid, 
and  the  hydrogen  into  water.  The  loss  of  heat,  therefore,  is  just 
that  required  to  raise  the  excess  of  air  to  the  temperature  at  which 
it  escapes  from  the  furnace.  It  follows,  then,  that  in  practice 
the  temperature  may  be  fifty  per  cent,  lower  than  in  theory. 

"  In  fuel  containing  hydrogen  a  loss  of  carbon  may  result  from 
the  formation  of  volatile  hydro-carbons,  which  often  escape  un- 
burned  at  an  early  stage.  A  distinction,  therefore,  is  made  in 
the  practical  valuation  of  fuel  between  this  and  fixed  carbon,  the 
steam-raising  and  thermal  power  being  estimated  by  the  fixed 
carbon  alone.  The  difference  between  gas  and  steam  coals  is  ex- 
plained by  this  :  gas  coals  yield  hydro-carbons  in  large  quantity, 
while  the  yield  in  the  steam  coals  is  small. 

"  Where  very  high  temperatures  are  required,  the  fuel  which 
should  be  selected  ought  to  approach  as  near  as  possible  to  pure 
carbon  in  its  composition,  and  for  the  reason  that  carbon  is  the 
best  substance  for  the  purpose.  Coke  gives  a  much  higher  tem- 
perature than  the  coal  from  which  it  is  made,  and  charcoal  than 
wood.  Carbon  requires  but  little  oxygen  for  its  combustion,  and 
so  produces  but  a  small  amount  of  carbonic  acid ;  it  does  not 
necessitate  a  larger  supply  of  nitrogen  from  the  air  ;  and  it  there- 
fore follows  that  it  is  the  best  substance  for  producing  high  tern- 
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peratures.  Comparatively,  the  specific  heats  of  nitrogen  and 
carbonic  acid  are  low  ;  therefore,  the  products  of  combustion  have 
but  little  weight,  and  it  requires  but  a  small  heat  to  raise  these 
products  through  1  deg.,  and  upon  these  two  conditions  a  high 
temperature  principally  depends.  Another  point  to  be  noticed 
is  the  absence  of  water  as  a  product  of  carbon,  which  materially 
influences  the  results  of  combustion.  Hydrogen,  although  pro- 
ducing the  largest  quantity  of  heat  of  any  known  combustible, 
is  powerless  to  produce  a  similarly  high  temperature  under  ordi- 
nary conditions,  inasmuch  as  it  requires  eight  times  its  own  weight 
of  oxygen  for  combustion,  and,  as  a  consequence,  twenty-seven 
times  its  own  weight  of  atmospheric  nitrogen.  Further,  water  is 
the  product  of  combustion  of  hydrogen,  and  water  is  the  least 
desirable  of  such  products,  owing  to  its  gjl-eat  latent  and  specific 
heat. 

"  We  now  see  the  reasons  for  making  coal  into  coke,  and  wood 
into  charcoal.  Coal  cannot  produce  a  temperature  equal  to  that 
obtained  from  coke,  neither  .can  the  temperature  of  wood  be  com- 
pared with  that  of  charcoal  And  this  results  from  the  relative 
accession  of  carbon  and  reduction  of  oxygen  and  hydrogen  in 
them.  This  must  be  referred  to  the  great  difference  between 
quantity  and  intensity  of  heat.  If  we  cannot  raise  sufficient  steam 
from  a  boiler  by  the  use  of  one  ton  of  coal,  we  can  easily  meet 
the  point  by  burning  two  tons ;  but  if  the  fusing  point  of  metal 
cannot  be  attained  with  one  ton  of  coal,  it  by  no  means  follows 
that  any  additional  amount  of  fuel  will  insure  the  required  result. 
The  great  distinction  to  be  observed  is  between  quantity  and 
intensity  of  heat.  The  first  of  these  two  conditions  depends 
upon  the  quantity  of  fuel,  but  the  last  is  referred  entirely  to  the 
quaUty  of  fuel.  Twenty  tons  of  coal  will  not  give  a  tempera- 
ture as  great  as  that  afforded  by  one  ton  of  coke. 

"The  great  difference  between  theoretical  temperatures  and 
those  attainable  in  practice,  is,  that  fuel  will  not  burn  in  the  pre- 
cise amount  of  oxygen  or  air  which  chemically  combines  with 
the  constituents  of  the  fuel  during  combustion.  The  highest 
temperature  in  practice  is  to  be  obtained  from  any  fuel  to  which 
this  objection  does  not  apply  ;  hydrogen  is  practically  such  a 
combustible.  The  temperature  attainable  by  the  oxy-hydrogen 
blow-pipe   exceeds   that   of  any   furnace,  because,   being  a  gas, 
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hydrogen  can  "be  readily  mixed  with  the  precise  amount  of  oxygen 
required  for  its  combustion,  which  is  not  retarded  by  the  water 
produced.  The  practical  application  of  these  remarks,  therefore, 
is  to  enable  us  to  determine  the  comparative  steam-raising  power 
or  thermal  effect  of  different  varieties  of  the  same  kind  of  fuel. 
The  sample  which  yields  the  best  results  in  theory  will  prove  the 
best  in  practice,  although,  for  reasons  given,  its  results  in  practice 
must  fall  short  of  those  attained  in  theory." 

37.  Petroleum  as  Fuel  for  Steam- Raising  Purposes. — Much 
discussion  has  taken  place  during  the  last  year  on  the  subject  of 
petroleum  as  a  fuel,  and  various  have  been  the  opinions  promul- 
gated respecting  its  value  in  this  way  ;  nor  is  the  question  likely 
to  be,  for  some  time  at  least,  other  than  a  "vexed  "  one,  inasmuch 
as  those  opinions  are  most  diverse  in  character — some  maintain- 
ing the  pro  with  as  much  vehemence  as  others  are  found  to 
maintain  the  con.  Space  unfortunately  prevents  us  from  giving 
even  a  resura^  of  all  that  has  appeared  on  the  subject ;  but  we 
make  room  for  those  papers  which  give  the  most  if  not  all  of  the 
salient  features  of  the  discussion.  These  are  generally  stated  in 
an  article  in  the  "Scientific  Eeview,"  under  date  August  1st, 
1865,  entitled  "Petroleum  as  a  Steam  Fuel."  "The  very  large 
quantity  of  space  occupied  in  steamers  by  the  coal  required  on 
long  voyages,  renders  it  very  desirable  that  some  less  bulky  sub- 
stitute should  be  found.  As  this  substitute,  according  to  many 
persons,  may  be  obtained  in  petroleum,  and  experiments  have 
actually  been  made  which  seem  to  confirm  their  views,  we  deem 
it  advisable  to  place  before  our  readers  a  few  facts  that  may  serve 
to  guide  them  in  the  judgment  at  which  they  will  arrive. 

"  In  the  first  place,  the  supply  of  petroleum,  though  very  great, 
is  far  from  being  unlimited.  Very  large  quantities  are  consumed 
for  illumination  and  various  industrial  purposes ;  indeed,  the 
supply  required  for  these  alone  has  not  yet  been  exceeded,  as  is 
proved  by  the  very  high  price  which  petroleum  yet  maintains. 
The  whole  amount  exported  by  America  in  1863  was  27,195,240 
gallons,  and'  in  1864,  31,119,530  gallons.  We  need  not  at 
present  take  into  account  the  quantity  obtained  from  other  sources. 
The  price  of  the  best  varies  from  about  £19  to  £20  per  ton  ; 
which  is  about  twenty  times  that  of  coal.  The  inferior  kinds 
can,  no   doubt,  be   had  for  about  half  this   cost.     It  would,  of 
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course,  become  very  much  dearer  were  the  demand  augmented  by 
its  use  as  steam  fueL  If  we  compare  the  amounts  of  conbustible 
matter  in  coal  and  petroleum — and  this  is  the  fair  way  of  pro- 
ceeding, since  we  have  a  right  to  suppose  that  each  will,  as  it 
may,  be  properly  burned — the  advantage  on  the  side  of  petroleum 
is  not  great ;  since  coal  may  be  considered  to  contain  83  per 
cent,  carbon,  5  per  cent,  hydrogen,  and  12  per  cent,  ashes ; 
petroleum,  85  per  cent,  carbon,  and  15  per  cent,  carbon,  with  no 
residue.  A  great  saving  in  freight  is  expected  from  the  use  of 
petroleum ;  but,  the  specific  gravity  of  coal  being  considered 
about  1'42,  and  that  of  petroleum  0"825,  and  deducting  one- 
third  of  the  specific  gravity  of  the  coal,  on  account  of  the  inter- 
stices left  by  it,  the  spaces  occupied  by  coal  and  petroleum  will 
be  as  0-825  to  0*950,  or  as  1  to  1152  ;  that  is,  1,000  tons  of 
petroleum  would  occupy  the  space  required  by  1,152  tons  of 
coal :  a  disadvantage  not  compensated  by  the  larger  amount  of 
combustible  matter  contained  in  it — ^their  calorific  capabilities 
being,  for  equal  weights,  in  the  proportion  of  only  about  1  to 
1*43,  if  we  consider  that  1  lb.  of  carbon  evolves  14,220  units  of 
heat,  and  1  lb.  of  hydrogen  60,854,  or  more  than  three  times  as 
much.  A  large  amount  of  the  heat  evolved  by  hydrogen  is 
wasted  on  account  of  the  great  latent  and  specific  heat  of  the 
water  produced  by  its  combustion.  With  the  coal,  some  of  the 
heat,  it  is  true,  is  wasted  in  bringing  the  ashes  to  the  temperature 
of  the  furnace,  and  some  of  the  coal  is  ^ost  with  the  ashes  ;  also, 
whether  the  engine  is  actually  working  or  not,  the  fire  must  be 
kept  up,  which  is  not  the  case  when  petroleum  is  used.  Against 
the  facts  in  favour  of  petroleum,  should  be  borne  in  mind  the 
difficulty  of  keeping  it  from  communication  with  the  atmosphere, 
which  would  cause  waste,  and  the  danger  of  conflagration  and 
explosion  arising  from  leakage,  or  from  the  use  of  it  without 
extreme  caution.  In  war,  a  shot  through  a  tank  containing  it 
might  cause  the  most  lamentable  effects." 

On  the  same  subject,  and  indeed  under  the  same  title,  the 
Mechanics'  Magazine — of  date  August  11th,  1865 — has  a  pa- 
per from  which  we  take  the  following  extracts :  "  A  very  impor- 
tant question  which  has  recently  engaged  attention  is,  whether 
petroleum  can  be  substituted  for  coal  in  boiler  furnaces  ]  By 
some  it  is  considered  impossible,  whilst  others  maintain  that  with 
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a  special  boiler  petroleum  would  produce  an  amount  of  heat  in 
ejQFect  equal  to  four  times  its  weight  of  coal.  Captain  Selwyn 
has  recently  discussed  its  value  as  a  steam  fuel  before  the  Royal 
United  Service  Institution.  He  estimates  that  where  a  steam- 
ship is  now  able  to  carry  from  nine  to  thirteen  days'  fuel  in  the 
shape  of  coals,  forty  or  fifty  days'  fuel  consisting  of  petroleum 
might  be  carried.  This  estimate  is  based  upon  the  assertion  that 
mineral  oil  is  to  coal  in  the  proportion  of  four  and  a  half  to  one. 
Another  advantage  in .  the  use  of  petroleum  would  consist  in  its 
being  a  fluid,  and  capable  of  being  carried  in  compartments  or  tanks, 
*  which  again  serve,  by  dividing  the  large  space  now  necessary  for 
coal  bunkers,  to  help  materially  in  preserving  or  augmenting  the 
extent  to  which  that  cellular  form  of  structure  can  be  carried,  which 
is  the  surest  and  best  precaution  against  the  destructive  effects  of 
shot  or  rocks.'  But  as  a  set-ofiF  against  this  advantage  we  think 
there  is  the  fact  that  petroleum  is  more  liable  to  accidental  igni- 
tion than  coal.  Red-hot  shot  will  of  course  ignite  coal,  and  there 
is  great  possibility  of  explosions  and  complete  destruction  of  the 
ship,  if  petroleum  were  stored  in  large  quantities.  The  remedy 
suggested  in  this  respect  is  to  lower  the  vapourisable  effects,  by 
distilling  off  the  light  spirit.  Mr.  Richardson,  a  fellow  of  the 
Royal  Institute  of  British  Architects,  answers  the  question  by 
saying,  *  If  a  red-hot  cannon-shot  were  to  enter  a  tank  of  petro- 
leum, it  would  not  set  it  on  fire ;  it  would  merely  vapourise  the 
oil.  If  the  tank  was  in  a  ventilated  place,  the  cold  vapour  would 
escape  harmlessly;  if  while  the  oil  was  vapourising,  a  light 
was  taken  to  the  tank,  only  such  superficial  portion  of  the 
oil  as  was  exposed  to  the  air  would  take  fire ;  it  could  be 
extinguished  immediately  by  shutting  off  the  air  —  there 
would  be  no  explosion  ;  but  if,  while  the  oil  was  on  fire,  the 
tank  was  upset,  the  larger  surface  of  the  oil  exposed  to  the  air 
would  be  one  mass  of  flames.*  So  that  while  the  danger  might 
be  materially  decreased  by  proper  precautions,  there  would  still 
be  the  risk  of  a  greater  calamity  by  the  combustion  of  oil,  even 
deprived  to  a  large  extent  of  its  vapourisable  effects,  than  by  the 
ignition  of  coal.  Mr.  Richardson  asserts  that  no  dangerous  amount 
of  vapour  can  escape  from  petroleum  secured  in  proper  iron  tanks. 
But  a  small  escape  of  vapour  would  be  as  disastrous  in  its  effects 
as  an  escape  of  gas,  which  has  often  blown  buildings  to  atoms. 
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Captain  Selwyn  believes  that  petroleum  oil  will  be  found  to  be 
highly  preservative  of  iron,  whether  from  internal  corrosion,  gal- 
vanically  caused,  or  from  the  external  fouling,  which  is  a  great 
defect  in  all  iron  ships.  Other  advantages  may  be  enumerated. 
Fewer  stokers  would  be  required.  The  labour  attendant  upon 
getting  up  ashes  would  be  abolished.  The  light  spirit  might  be 
used  as  a  substitute  for  turpentine  in  oil  paintings.  An  enthu- 
siastic American  engineer  estimates  the  saving  in  the  use  of  oil 
as  against  that  of  coal  to  be  more  than  nine-tenths  in  bulk,  and 
three-quarters  in  expenses,  in  running  a  ship  from  the  United 
States  to  Liverpool  or  China.  This  is,  however,  a  statement  made 
on  the  authority  of  a  sanguine  patentee.  .  .  .  The  use  of  pe- 
troleum as  steam  fuel  would  necessitate  the  construction  of  a 
different  kind  of  boiler  to  that  now  in  general  use.  Mr.  Rich- 
ardson has  suggested  a  grate  which  can  be  started  in  a  minute. 
If,  he  says,  the  petroleum  spirit  were  extracted  from  the  oil,  the 
fire  in  the  grate  would  take  longer  to  light,  probably  eight  or  ten 
minutes,  but  the  oil  would  be  entirely  deprived  of  the  character 
of  spontaneous  combustion.  Mr.  Richardson  says  not  only  that 
he  has  no  fear  of  the  spirit,  but  would  rather  it  was  not  extract- 
ed. The  oil  is  not  explosive.  When  contained  in  iron  cisterns, 
or  metallic  cases  carefully  closed,  it  might  vapourise  without  danger. 
The  manufacturers  of  these  cases  allow  space,  or  have  a  contri- 
vance for  permitting  extra  vapour  in  a  warm  climate.  In  1864, 
81,196  barrels  of  refined  and  crude  oil  were  imported  without 
accident.  It  appears  that  insurance  companies  have  considerably 
reduced  their  charges  on  petroleum  ;  and  the  Belgian  Minister  of 
the  Interior  has  declared  that  the  merchandise  in  this  oil  is  not  to 
be  specially  regulated  as  a  dangerous  article.  Mr,  Prentis,  a  manu- 
facturer of  Birkenhead,  has  adopted  the  plan  of  collecting  the  gas 
evolved  during  the  process  of  refining  petroleum,  and  using  it 
for  lighting  purposes.  It  appears  that  petroleum  produces  a  gas 
absolutely  free  from  impurities,  and  one  foot  of  oil  gas  gives  the 
light  of  three  feet  of  ordinary  coal  gas.  Mr.  Richardson  is  very 
sanguine  as  to  his  expectations  of  the  future  use  of  petroleum  in- 
stead of  gas.  A  time  may  arrive,  he  says,  when  every  house- 
holder, by  keeping  a  tank  of  petroleum  in  the  upper  part  of  his 
dwelling,  could  have  flame  laid  on  to  every  stove  in  his  house, 
as  well  as  gas  to  his  gaseliers,  rendering  him  alike  independent 
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of  the  coal  merchant  and  the  gas  company.  However  desirable 
such  a  revolution  might  be,  we  fear  householders  will  long  re- 
tain their  prejudices  against  the  use  of  petroleum,  especially  when 
stored  in  large  quantities.  Why  it  should  not  be  advantageously 
used  for  locomotive  purposes,  we  are  unable  to  say.  We  agree 
with  Mr.  Mallet  in  his  observation  at  the  discussion  on  Mr. 
Eichardson's  paper,  that  the  use  of  petroleum  as  a  fuel  for  steam- 
ships must  ultimately  take  place." 

In  the  above  extracts  notice  is  specially  made  of  Mr.  Eichard 
son's  experiments  on  the  use  of  petroleum.  The  following  is  part 
of  a  letter  which  this  gentleman  recently  addressed  to  the  editor 
of  a  Metropolitan  Journal  "  The  result  of  the  experiments  with 
my  grate  at  Woolwich  Dockyard  has  more  than  fully  confirmed 
the  value  of  the  oil  above  coal  for  steam  fuel,  as  first  proved  by 
my  experiments  at  Chelsea.  Several  of  the  naval  engineers  who 
saw  the  grate  said  it  was  much  too  small  to  get  up  steam,  its 
superficial  contents  being  only  two  feet.  It  was  placed  in  posi- 
tion under  the  boiler  of  a  powerful  steam  hoisting  engine  of  four- 
teen horse-power,  capable  of  being  worked  up  to  24  h.  p.  ;  the 
size  of  its  coal  grate  was  nine  feet  super.  With  the  water  cold 
at  starting,  and  with  a  consumption  of  only  five  gallons  of  oil, 
in  two  and  a  half  hours  it  caused  the  steam  to  blow  ofif  fully  ; 
one  half-hour  of  the  time  the  valve  fixed  at  10  lb.  pressure.  The 
grate  of  thin  cast-iron,  in  four  separate  pieces,  was  not  sufficiently 
strong  to  bear  the  pressure,  which  was  fully  equal  to  25  lbs., 
and,  as  it  indicated  weakness,  I  drew  off"  the  oil,  about  one  gal- 
lon, five  having  been  supplied.  If  the  coal  grate  had  been  re- 
duced to  two  feet  super,  I  question  whether  it  would  have  done 
as  much  in  eight  or  ten  hours.  I  submitted  to  the  engineer  of 
the  yard  drawings  for  a  wrought-iron  griffce,  to  be  fixed  to  and 
make  part  of  the  boiler ;  and  I  have  been  requested  by  the  Ad- 
miralty to  send  these  drawings  to  Woolwich  for  estimates  to  be 
made,  so  that  it  should  be  tried  on  a  large  scale.  The  draw- 
ings I  left  there  this  morning. 

*■  It  was  in  your  paper  that  I  first  saw  the  report  of  Professor 
Fisher,  of  Kewhaveu,  speaking  so  strongly  as  to  the  absurdity  of 
petroleum  competing  against  coal  as  steam  fuel ;  other  analytical 
chemists  of  equal  eminence  in  England  have  followed  suit.  Im- 
jjiediately  a  notice  appeared  in  the  Times  of  the  experiments  at 
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Woolwich  came  a  letter,  stating  that  '  a  very  slender  considera- 
tion of  the  character,  composition,  and  cost  of  petroleum  would 
be  sufficient  to  show  the  impracticability  of  using  it  as  fuel  in 
such  a  case.     The  heating  power  of  petroleum  is  certainly  higher 
than  that  of  coal  =  15  :  1  "0.     But  the  price  of  petroleum  va- 
ries from  .£15  to  £20  per  ton.     .     .     .     Now,  these  facts  will 
be  sufficient  to  convince  any  one  of  the  impracticability  of  using 
petroleum  as  a  substitute  for  coal  in  steam  vessels,  quite  inde- 
pendently of  any  contrivance  as  to  the  mode  of  burning.'     Al- 
most the  words  of  Professor  Fisher.     I  received  a  letter  from  an 
eminent  engineer  (in  the  early  stage  of  my  experiments),  whom  I 
had  asked  to  view  the  process,  almost  in  the  same  strain ;  this 
gentleman  I  afterwards  found  was  the  owner  of  some  valuable 
patents  entirely  dependent  upon  the  use  of  coal  as  steam  fuel.     I 
can  well  imagine  that  when  petroleum  comes  into  use  instead,  it 
will  cause  some  considerable  jealous  excitement.    Coal  mines  and 
their  monopolies  are  too  valuable  a  property  to  let  slip  without 
a  struggle.     My  answer  to  Professor  Fisher,  and  all  analytical 
chemists,  is  this :  If  coal  could  be  fully  utilized,  their  statements 
would  be  correct,  but  it  cannot ;  through  the  present  system  of 
rapid  firing  one  half  the  fuel  goes  off  in  heavy  black  smoke,  ow- 
ing to  the  impossibility  of  supplying  sufficient  air  to  effect  the 
combustion  of  the  gases  the  coal  gives  off  when  heated.     By 
careful  tiring  and  the  use  of  the  Argand  furnace,  the  entire  pre- 
vention  of  smoke   can  be  obtained,  and  the  fuel  be  more  fully 
utilized.     But  there  is  a  prolific  cause  of  waste,  which  is  beyond 
the  power  of  any  Argand  furnace  or  careful  firing  to  cure.      Coal 
can  only  be  burnt  by  supplying  it  with  a  strong  draught  or  cur- 
rent  of  air ;  it  requires  a  tall  chimney — the  taller  the  better, 
because  the  quicker  the  draught.     This  current  of  air  must  be 
formed  before  the   coal  is  put  into  the  furnace;  large  logs  of 
wood  are  fired,  the  furnace  doors  being  kept  open;  when  the 
coal  is  put  in  a  welding  heat  is  often  obtained  through  the  quick- 
ness of  the  draught.     The  office  of  the  tubes  and  flues  in  the 
boiler  is  to  obtain  as  much  heat  as  possible  from  the  passing 
current,  going  several  hundred  cubic  feet  per  minute.     When 
the  current  of  heated  air  enters  the  chimney  funnel  it  represents 
waste  heat,  and  is  never  less  than  600°  F.     In  a  late  work  by 
Mr.  Wye  Williams,  no  second  authority  on  this  subject,  entitled, 


134  ENGINEERING  FACTS.  [Div.  II. 

'  On  the  Steam  Generating  Power  of  Marine  and  Locomotive 
Boilers,'  he  details  three  careful  experiments  as  to  the  best  form 
of  boiler  to  obtain  the  greatest  amount  of  heat  from  the  fuel.  He 
gives  the  temperature  of  the  waste  heat  to  the  first  experiment 
(he  calls  them  properly  '  the  escaping  products  in  the  chimney,') 
as  1060°;  to  the  second,  760°;  and  the  third,  635°;  and  this, 
be  it  observed,  with  the  consumption  of  only  3  cwt.  of  coal  to 
each  experiment.  I  should  like  Professor  Fisher  to  give  us  the 
temperature  of  the  waste  heat  in  the  chimney  of  a  furnace  burn- 
ing from  20  to  30  tons  of  coal  per  day.  We  know  the  current 
is  so  strong  that  it  often  carries  up  small  coal  and  cinders  along 
with  it :  that  the  heated  gases  often  take  fire  by  a  spark  from 
the  furnace,  and  burn  at  the  top  of  the  funnel  with  a  fierceness 
almost  equalling  the  flame  from  a  blast  furnace.  Is  this  flame 
or  waste  heat  employed  in  creating  steam  1  and  how  much  is  the 
coal  utilized?  If  we  place  the  figures  thus — petroleum  =  r4, 
coal  =  0'4,  it  would  very  likely  be  too  much  in  favour  of  the 
coaL  We  shall  nev^er  fully  learn  the  wicked  waste  we  are  now 
making  of  this  valuable  fuel  until  petroleum  supersedes  it,  which 
it  certainly  will  do  within  a  few  years." 

38.  Peat  as  a  Steam  Fuel. — The  enormous  supply  of  peat  in 
various  districts  of  this  country  (see  end  of  par.  40)  and  in  other 
parts  of  the  world,  has  naturally  attracted  the  attention  of  scien- 
tific men,  with  a  view  to  economize  it  as  a  fuel  The  following 
article  from  the  "  Scientific  American  " — of  date  April  29th 
1865 — followed  by  the  article  from  the  "Mechanics'  Magazine" 
which  it  refers  to,  will  place  the  leading  features  of  the  question 
before  the  reader.  "  In  another  part  of  this  issue  we  have  given 
extracts  from  the  London  Mechanics'  Magazine,  concerning  some 
interesting  experiments  made  with  peat  as  fuel  for  steam  engines 
— locomotives  in  particular. 

"  From  the  article  it  appears  that  the  most  extraordinary  re- 
sults were  obtained  with  peat  when  deprived  of  its  moisture,  and 
condensed  by  a  machine  specially  designed  for  the  purpose.  It 
may  be  that  in  peat  we  shall  find  an  economical  substitute  for 
coal ;  at  its  present  prices,  and  even  at  rates  much  below,  for  the 
marketing  of  the  former  substance  or  preparation  of  it  so  as  to 
render  it  available  must  certainly  cost  far  less  than  for  coal.  No 
shafts  have  to  be  sunk,  no  extensive  and  costly  system  of  engineer- 
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ing  and  surveying  are  needed,  and  beyond  the  expense  of  the 
machinery  for  condensing  it,  or  getting  the  water  out  of  it  by 
mechanical  processes,  little  seems  to  be  required  to  utihze  the 
deposit  with  which  nature  has  covered  large  tracts  of  land  in 
this  country. 

"  The  Chicago  Tribune  thus  speaks  of  a  sample  of  peat  which 
it  has  received  from  parties  owning  one  bed  which  is  estimated 
to  contain  250,000  cords: — 

" '  This  peat,  in  colour,  resembles  the  outside  of  pressed  to- 
bacco that  has  been  exposed  to  light  and  air,  and  is  quite  as 
hard  and  heavy.  The  internal  structure  is  so  compact  that  on 
cutting  it  with  a  knife  a  smooth  polished  surface  is  formed. 
The  specimens  that  we  have  burn  with  a  flame  clear  and  bril- 
liant as  seasoned  maple  or  hickory,  and  produce  no  unpleasant 
odour  like  coal.  Specimens  of  the  peat  have  been  exhibited  to 
Dr.  A.  A.  Hayes,  of  Boston,  analytical  chemist ;  Dr.  E.  Carr, 
Professor  of  Chemistry  in  the  Wisconsin  State  University,  and 
other  distinguished  practical  men,  and  they  speak  highly  of  its 
merits.  Professor  Hayes  says,  *  its  flaming  quality  is  of  a  marked 
character,'  and  that  *  the  inflammable  part  has  a  high  heating 
power,  and  burns  freely  and  clearly  from  the  ash.  Take  the  59 
parts  of  the  inflammable  compounds,  as  representing  the  positive 
combustible  matter  of  this  peat,  we  have  an  equivalent  closely 
corresponding  to  that  of  oak  wood ;  and  I  am  led  by  my  results 
to  expect  an  equal  heating  power  from  an  equal  weight  of  this 
peat,  burned  in  comparison  with  wood.'  In  regard  to  its  gas- 
making  powers.  Prof.  Hayes  says,  '  it  exceeds  all  common  can- 
nels,  and  of  course  is  far  above  any  bituminous  coal,  and  can  be 
worked  with  poor  coal  to  make  good  gas.  There  are  only  two 
or  three  cannel  coals  known  which  afl'ord  so  much  illuminating 
material,  placing  this  peat  in  the  first  class  of  gas  materials.' 

"  In  former  numbers  of  the  Scientific  American  much  has 
been  said  regarding  this  substance,  and  one  of  our  large  iron 
workers  having  tried  it  was  not  impressed  with  its  great  utility; 
but  where  such  striking  results  as  that  recorded  in  the  Mechanics' 
Magazine  are  obtained,  and  the  testimony  of  scientific  men  is 
freely  given  as  to  its  value,  it  would  seem  that  further  experi- 
ment here  would  be  likely  to  establish  its  character  as  a  cheap 
and  valuable  fuel" 
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The  following  is  the  article  in  the  Mechanics'  Magazine  al- 
luded to  in  the  ahove.  "  The  value  of  peat,  when  properly 
dried,  is  well-known  and  admitted  both  for  domestic  fuel  and  for 
generating  steam ;  and  charcoal  properly  made  from  such  peat  is, 
in  ad  respects,  equal,  if  not  superior  to  wood  charcoal  When 
dug  from  the  bog,  peat  generally  contains  from  fifty  to  seventy- 
five  per  cent,  of  water.  The  difficulty  of  getting  rid  of  so  much 
moisture  has  led  to  a  preference  for  the  upper  portions  of  the 
deposit,  which  abound  most  with  roots  and  coarse  fibres,  and  part 
most  readily  with  the  water  not  actually  shut  up  within  those 
fibres.  But  this  produces  an  inferior  fuel  which  will  not  stand 
the  blast  nor  make  a  good  charcoal.  The  inference  drawn  from 
practical  experience  is,  that  to  insure  commercial  success  in  uti- 
lizing peat,  the  operation  must  be  inexpensive  and  expeditious, 
costly  machinery  being  avoided.  To  produce  a  perfect  fuel  the 
coarse  roots  must  be  removed  and  the  smaller  fibres  broken  up. 
These  objects  appear  to  be  accomplished  by  a  simple  machine, 
the  invention  of  Mr.  Buckland  (see  next  par.),  which  was  to  be 
seen  in  operation  at  the  International  Exhibition,  1862.  The 
fuel  prepared  by  this  process  is  called  condensed  peat,  in  contra- 
distinction to  compressed  peat.  From  four  to  five  tons  of  peat 
as  taken  from  the  bog  are  required  to  make  one  ton  of  dry  con- 
densed peat.  The  cost  varies  in  different  localities,  but  it  may 
be  safely  assumed  that  the  average  cost  will  not  exceed  that  of 
coal  at  the  pit's  mouth.  Peat  thus  prepared  burns  very  freely, 
will  stand  a  powerful  blast,  emits  great  heat,  is  smokeless,  and 
produces  less  ash  than  the  average  of  coal  or  coke.  It  is  imper- 
vious to  water,  improves  by  keeping,  and  is  incapable  of  self- 
ignition.  From  two  and  a  half  to  three  tons  of  prepared  peat 
will  make  one  ton  of  excellent  charcoal,  according  to  the  degree 
of  carbonization  required. 

"  The  general  heating  power  of  the  condensed  peat  has  been 
proved  to  be  very  superior  to  that  of  coal ;  and,  in  fact,  this  ar- 
ticle appears  to  be  well  adapted  as  a  fuel  for  steam  engines, 
whether  marine,  stationary,  or  locomotive.  Its  use  has  been 
found  to  effect  a  saving  of  fifty  per  cent,  in  time  in  generating 
steam,  and  it  will  do  double  duty  as  compared  with  coal.  The 
absence  of  smoke  and  clinkers,  and  the  preservation  of  furnace 
bars  and  boilers  from  the  destructive  effects  of  sulphur  from  coal, 
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are  additional  and  important  advantages.  The  peat  has  been 
tried  on  board  a  river  steamer  with  perfect  success.  The  vessel 
was  under  steam  2  h.  20  min.,  during  which  time  the  total  quan- 
tity consumed  was  12  cwt.,  the  average  consumption  of  coal  for 
a  similar  trip  being  12  cwt.  per  hour.  It  should  be  observed 
that  the  full  effect  of  the  fuel  was  not  here  obtained,  as  the  fire- 
bars, being  of  the  ordinary  description,  were  too  wide  apart  for 
peat,  consequently  a  portion  fell  through  only  partially  consumed. 

"  The  locomotive  engineers  of  these  railways  in  Ireland  united 
to  carry  out  a  practical  trial  of  the  condensed  peat,  on  the  Bel- 
fast and  ]N"orthern  Counties  Eailway,  with  the  view  of  testing  its 
qualities  as  a  fuel  for  locomotives.  The  trip  was  made  from 
Carrick  junction  to  Ballymena,  a  distance  of  twenty- seven  miles. 
During  the  whole  of  the  journey  there  was  an  excess  of  steam, 
although  the  fire-door  was  kept  continually  open,  and  the  damper 
down,  for  the  greater  portion  of  the  distance.  The  pressure  at 
starting  was  100  lbs.  per  square  inch.  The  commencement  of 
the  journey  was  up  an  incUne  of  1  in  80,  four  miles  long,  and 
with  double  curves ;  while  ascending  the  incKne  the  pressure 
rose  to  110  lbs.,  and  afterwards  to  120  lbs.,  and  this  with  the 
fire-door  open.  The  speed  was  about  40  miles  per  hour.  While 
on  the  way  the  fuel  emitted  no  smoke,  and  very  little  when  at 
stations.  The  fire-box  was  examined  at  Ballymena,  and  a  very 
small  portion  of  clinker  was  found.  The  smoke-box  was  per- 
fectly free  from  cinders  or  dust — a  proof  that  the  fuel  had  stood 
the  blast  exceedingly  well ;  and  it  is  the  recorded  opinion  of  the 
experimenters  that  the  condensed  peat  was  in  every  respect  well 
adapted  as  a  fuel  for  locomotive  purposes." 

39.  The  Manufacture  of  Condensed  Peat. — The  process  of 
making  the  condensed  peat  which  is  referred  to  in  the  last  par., 
and  which  is  patented  by  Mr.  Buckland,  is  thus  described  by  Mr. 
P.  Nursey  in  his  paper  on  "  Fuel "  already  alluded  to.  "  The 
process  of  manufacture  is  as  follows  : — Immediately  the  peat  is 
dug  from  the  bog  it  is  thrown  or  tipped  into  a  hopper,  beneath 
which  is  a  strainer  formed  of  perforated  metal,  and  within  the 
strainer  is  an  Archimedean  screw.  At  the  bottom  of  the  strainer 
is  a  small  opening  through  which  any  very  coarse  undecomposed 
roots  and  fibres  which  will  not  pass  through  the  perforations  of 
the  strainer  fall  into  a  waste  pipe  and  are  rejected,  or  may  be 
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used  for  any  purpose  not  requiring  superior  fuel.  By  turning 
the  screw  within  the  strainer  the  small  fibres  are  cut  up  by  the 
sharp  edges  of  the  perforated  metal,  through  which  they  pass 
with  the  decomposed  part  of  the  peat  with  which  they  thus  be- 
come assimilated.  A  strainer  of  two  feet  in  diameter,  with  per- 
foration of  one-eighth  of  an  inch  diameter,  and  fifteen  to  the 
square  inch,  contains  about  12,000  holes,  which  are  equal  to  an 
aggregate  aperture  of  a  square  foot.  A  strainer  of  this  size  will 
discharge  about  eight  tons  of  peat  per  hour,  or  nearly  one  hun- 
dred tons  in  twelve  hours.  The  decomposed  peat  protrudes 
through  every  hole  in  the  strainer,  and  drops,  in  vermicular 
forms,  upon  an  endless  band  which  delivers  the  strained  peat 
into  a  brick  machine  which  will  mould  in  any  suitable  shape  or 
size.  The  operation  of  moulding  the  peat  into  one  of  Clayton's 
small  brick  machines  was  to  be  seen  in  the  International  Exhi- 
bition. The  strainer  being  enclosed  in  a  heated  chamber,  with 
an  opening  for  the  escape  of  steam,  the  moisture  is  rapidly  driven 
off  from  the  worm-like  strings  as  they  fall  upon  the  band,  giving 
solidity  to  the  mould  blocks  of  peat  as  they  pass  through  the  die 
of  the  brick  machine,  and  their  being  then  at  high  temperature 
expedites  the  subsequent  process  of  drying.  Very  little  power 
is  required  for  the  whole  operation,  which  is  performed  continu- 
ally and  with  great  rapidity.  The  moulded  blocks  of  peat  are 
removed  to  a  drying  shed  through  which  a  current  of  hot  moist 
air  passes,  and  they  soon,  without  compression,  become  as  hard 
as  oak,  and  more  dense  than  any  peat  submitted  to  hydraulic 
pressure,  the  specific  gravity  being  from  115  to  1*50,  and  that 
of  highly  compressed  peat  1*08.  From  four  to  five  tons  of  wet 
peat,  as  taken  from  the  bog,  are  required  to  make  one  ton  of  dry 
condensive  peat,  the  total  cost  of  which  necessarily  varies  in 
different  localities,  but  it  may  be  safely  assumed  that  the  average 
cost  will  not  exceed  that  of  coal  at  the  pit's  mouth.  Peat  thus 
prepared  burns  very  freely,  will  stand  a  powerful  blast,  emits 
great  heat,  is  smokeless,  and  produces  less  ash  than  the  average 
of  coal  or  coke.  It  is  impervious  to  water,  improves  by  keeping, 
and  is  incapable  of  self-ignition.  From  two  and  a  half  to  three 
tons  of  prepared  peat  will  make  one  ton  of  excellent  charcoal 
according  to  the  degree  of  carbonization  required,  tlie  cost  ot 
which  would  be  about  10s.  per  ton;  but  in  converting  the 
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peat  into  charcoal,  1  cwt.  of  hydro-carbon,  or  peat  tar,  may  be 
drawn  from  one  ton  of  peat,  the  value  of  which,  for  illuminating 
and  lubricating  purposes,  will  greatly  reduce,  if  not  entirely  cover 
the  cost  of  the  charcoal. 

"  The  general  heating  power  of  the  condensed  peat  is  very 
superior  to  that  of  coal.  The  following  is  a  tabulated  statement 
of  some  experiments  made  by  Messrs.  Jackson  and  Townson, 
with  the  view  of  ascertaining  the  comparative  boiling,  evaporat- 
ing, and  fusing  properties  of  condensed  peat  and  coal.  Five 
samples  of  peat  and  one  of  coal  were  tried,  the  same  quality  of 
each  in  weight  being  used  : — 


Fuel. 

Time  in  which  the 
same  body  of  wa- 
ter was  brought  to 
the  boiling  point. 

Time  in  which  the 
same  body  of  wa- 
ter was  evaporat- 
ed. 

Time  in  which  the 
complete    fusion 
was  effected. 

Coal  (good  fur- ) 
nace),         j 
Peat,  No.  1. 

>»        >>     3. 
4 

6    minutes. 

14  minutes. 

6  „ 

7  „ 
7      „ 
6      „ 
5      „ 

31  minutes. 

14      „ 
17      „ 
26       „ 

174    „ 
11       „ 

"  It  will  be  observed  that  ISTo.  5  possesses  a  remarkable  degree 
of  heating  power :  its  durabihty  is  also  much  greater  than  that 
of  the  other  four  samples.  All  the  samples  were  produced  from 
the  same  bog,  and  were  of  fair  average  quality,  but  had  been 
submitted  to  different  degrees  of  heat  in  drying,  so  that  the 
difference  in  their  results  was  due  to  the  mode  of  treatment  and 
not  to  any  difference  in  the  quality  of  the  peat.  The  duration 
of  the  fuel,  after  ignition,  was  the  same  with  the  coal  as  with 
an  equal  weight  of  the  J^o.  5  sample  of  peat.  The  duration  of  the 
other  samples  of  peat  was  one- third  less  than  that  of  the  coal. 

"  The  condensed  peat  appears  very  well  adapted  for  steam 
engines,  whether  marine,  stationary,  or  locomotive,  inasmuch  as 
its  use  has  been  found  to  effect  a  saving  of  fifty  per  cent,  in  time 
in  generating  steam,  and  it  will  do  double  duty  as  compared  with 
coal.  The  absence  of  smoke  and  of  clinkers,  and  the  preserva- 
tion of  fire  bars  and  boilers  from  the  destructive  effects  of  the 
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sulpllur  in  coal,  are  additional  and  important  advantages.  In  a 
trial  trip,  made  by  Mr.  Fothergill,  with  a  river  boat  using  the 
condensed  peat,  the  vessel  was  under  steam  2  h.  20  min.,  during 
which  time  the  total  quantity  consumed  was  exactly  12  cwt. 
The  average  consumption  of  coals  for  a  similar  trip  was  12  cwt. 
per  hour.  In  this  instance  the  fire  bars,  being  of  the  ordinary 
description,  were  too  wide  apart  for  peat,  and  thus  the  fall  effect 
of  the  fuel  was  not  obtained,  as  some  portion  passed  through 
only  partially  consumed.  There  was  no  smoke,  nor  was  there 
any  deposit  of  clinker  on  the  fire  bars — two  valuable  properties." 

40.  On  Torhite — a  new  Preparation  of  Peat — and  its  uses. 
— From  a  paper  under  this  title,  read  by  Mr.  D.  EL  Clark,  C.  E., 
before  the  British  Association,  we  take  the  following  extracts. 

"  According  to  the  system  matured  and  established  at  Horwich 
the  peat,  as  it  comes  from  the  bog,  is  thrown  into  a  mill  expressly 
constructed,  by  which  it  is  reduced  to  a  homogeneous  pulpy  con- 
sistency. The  pulp  is  conveyed,  by  means  of  an  endless  band, 
to  the  moulding  mrchine,  in  which,  while  it  travels,  it  is  formed 
into  a  slab,  and  cut  into  blocks  of  any  required  size.  The  blocks 
are  delivered  by  a  self-acting  process  on  a  band,  which  conveys 
them  into  the  drying  chamber,  through  which  they  travel  forwards 
and  backwards  on  a  series  of  endless  bands  at  a  fixed  rate  of 
speed,  exposed  all  the  time  to  the  action  of  a  current  of  heated  air. 
The  travelling  bands  are  so  arranged  that  the  blocks  of  peat  are 
delivered  from  one  to  the  other  consecutively,  and  are  by  the 
same  movement  turned  over  in  order  to  expose  fresh  surfaces  at 
regular  intervals  to  the  action  of  the  drying  currents,  so  that  they 
emerge  from  the  chamber  dry,  hard,  and  dense.  To  the  peat 
substance  thus  treated  the  name  of  '  torbite '  has  been  given, 
from  the  Latin  torho,  by  which  name  peat  is  constantly  men- 
tioned in  ancient  charters. 

"  The  next  stage  in  the  process  is  the  treatment  of  the  torbite 
in  close  ovens,  when  it  may  either  be  converted  into  charcoal  for 
smelting  purposes,  or  may  be  only  partially  charred  for  use  as 
fuel  for  generating  steam,  or  in  the  puddUng  fui;nace. 

"  The  whole  of  the  Horwich  system  has  been  planned  with  a 
view  to  the  utmost  economy  of  time  and  labour.  The  raw  peat 
is  nearly  altogether  automatically  treated  by  steam  power — in- 
troduced at  one  end  it  issues  from  the  other  in  the  form  of  char- 
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coal,  within  twenty-four  hours  after  it  is  excavated  from  the  bog, 
and  the  manual  labour  expended  is  almost  entirely  limited  to  the 
first  operation  of  digging,  consequently  the  actual  outlay  in  labour 
and  fuel  in  the  production  of  the  charcoal  does  not  exceed  from  10s. 
to  12s,  per  ton;  but,  in  addition  to  the  economy  thus  effected 
by  charring,  in  close  ovens,  a  considerable  quantity  of  valuable 
chemical  products  are  yielded,  as  ammonia,  acetic  acid,  pyroxylic 
spirit,  paraffin  oils,  the  sale  of  which  alone  will  nearly  cover  the 
expenses  of  the  whole  process. 

"  The  fatty  matter  separated  by  distillation  forms  an  excellent 
lubricating  grease,  the  yield  of  which  averages  about  5  per  cent, 
of  the  weight  of  charcoal  produced  ;  in  its  crude  state  it  has  been 
sold  for  £12  per  ton  at  Horwich. 

"  The  charcoal  made  from  torbite  is  extremely  dense  and  pure ; 
its  heating  and  resisting  powers  have  been  amply  and  severely 
tested,  and  with  the  most  satisfactory  results.  At  the  Horwich 
works  pig  iron  has  been  readily  melted  in  a  cupola.  About  80 
tons  of  superior  iron  have  been  made  with  it  in  a  small  blast  fur- 
nace measuring  only  6  ft.  in  the  boshes,  and  about  26  ft.  high. 
The  ore  smelted  was  partly  red  hematite  and  partly  Staffordshire, 
and  the  quantity  of  charcoal  consumed  was  1  ton  1 1  cwt.  to  the 
ton  of  iron  made,  but  in  a  larger  and  better  constructed  furnace 
considerably  less  charcoal  will  be  required.  It  has  also  been 
tried  in  puddling  and  air  furnaces  with  equally  good  results,  con- 
siderably improving  the  quality  of  the  iron  melted.  For  this 
purpose  the  fuel  was  only  partially  charred,  in  order  not  to  de- 
prive it  of  its  flame,  which  is  considerably  longer  than  that  from 
coal.  Some  of  the  pig  iron  made  at  Horwich  was  then  con- 
verted into  bars,  which  were  afterwards  bent  completely  double 
when  cold  without  exhibiting  a  single  flaw.  Messrs.  Brown  and 
Lennox,  in  testing  this  iron  for  chain  cables,  have  reported  that 
its  strength  was  proved  to  be  considerably  above  the  average 
strength  of  the  best  brands. 

"  In  Germany  peat  mixed  with  wood  charcoal  is  very  exten- 
sively used  in  the  production  of  iron,  the  peat  as  prepared  there 
not  being  sufficiently  solid  to  do  the  work  alone,  but  it  is  found 
that  the  greater  the  proportion  of  peat  that  can  be  used  the  bet- 
ter is  the  quality  of  the  iron  produced.  The  gas  delivered  from 
the  high  furnaces  has   also  been  satisfactorily  employed  in  the 
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refining  of  iron  and  the  puddling  of  steel.  The  value  of  peat  in 
the  production  of  iron  has  long  been  established.  Iron  metal- 
lurgists are  agreed  in  the  opinion  that  iron  so  produced  is  of 
very  superior  quality.  In  every  stage  of  iron  manufacture,  and 
in  welding,  peat  charcoal  is  most  valuable.  At  Messrs.  Hick 
and  Sons  forge,  in  Eolton,  a  large  mass  of  iron,  about  10  in. 
square,  was  heated  to  a  welding  heat  with  peat  charcoal  made  at 
Horwich.  The  time  occupied  was  less  than  the  operation  would 
have  taken  with  coal;  the  whole  mass  was  equally  heated 
through  without  the  slightest  trace  of  burning  on  the  outside, 
and  in  hammering  out  the  mass  as  much  was  done  with  one  heat- 
ing as  ordinarily  required  two  heatings  to  effect. 

"  The  importance  of  obtaining  an  abundant  supply,  at  cheap 
rates,  of  peat  charcoal,  cannot,  therefore,  be  too  highly  estimated. 

"  For  the  generation  of  steam  the  fuel  made  at  Horwich  has 
also  been  well  tested,  and  its  superiority  over  coal  practically  de- 
monstrated both  in  locomotives  and  stationary  engines.  On  the 
Northern  Counties  Railway  of  Ireland  a  train  was  driven  with  it 
from  Belfast  to  Portrush,  a  distance  of  seventy  miles.  The  re- 
sult at  the  end  of  the  journey  showed  a  saving,  as  regards  weight 
consumed,  of  25  to  30  per  cent,  over  the  average  of  three  months 
working  with  coal  on  the  same  journey.  There  was  an  excess 
of  steam  throughout  the  run,  though  the  fire-door  was  constantly 
open  and  the  damper  down.  At  starting  the  pressure  was  100 
lb.,  but  during  the  trip,  and  while  ascending  a  steep  incline,  it 
rose  to  110  lb.,  and  afterwards  to  120  lb.  with  the  fire-door  open. 
While  running  there  was  no  smoke,  and  very  little  when  stand- 
ing still. 

"  At  the  Horwich  works  the  fuel  was  tested  against  coal  under 
the  boiler  there.  This  was  done  on  two  consecutive  days,  the 
fire  having  on  each  occasion  been  raked  out  the  night  previous. 

"  The  following  results  were  obtained  : — Coal  got  up  steam  to 
10  lb.  pressure  in  2  hours  25  minutes,  and  to  25  lb.  pressure  in 
3  hours;  peat  fuel  got  up  steam  to  10  lb.  in  1  hour  10  minutes, 
and  to  25  lb.  in  1  hour  32  minutes;  21  cwt.  of  coal  maintained 
steam  at  30  lb.  pressure  for  9 J  hours;  11:|-  cwt.  of  peat  fuel 
maintained  steam  at  the  same  pressure  for  8  hours. 

"  But  in  addition  to  this  a  large  economy  is  effected  by  the  use 
of  peat  fuel  for  the  generation  of  steam  in  the  saving  of  boilers 
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and  fire-lDars  from  the  destruction  caused  by  the  sulphur  in  coal, 
from  which  peat  is  free.  In  Bavaria  peat  fuel  has  been  used  on 
the  railways  for  several  years  past,  and  the  economy  effected  by 
its  use  in  the  wear  and  tear  of  the  engines  is  stated  by  the  offi- 
cials in  their  reports  to  be  very  considerable. 

"  The  bogs  of  Great  Britain  and  Ireland  cover  an  area  exceed- 
ing five  millions  of  acres,  the  average  depth  of  which  may  be 
taken  at  20  ft.  l^ature  has  thus  supplied  us  with  the  means  of 
adding  to  our  stock  of  fuel  some  twenty  thousand  millions  of 
tons. 

"  In  Ireland  about  a  million  and  a  half  of  acres  have  been 
thoroughly  surveyed.  In  the  reports  of  these  surveys  it  is  stated 
that  beneath  the  peat  an  excellent  soil,  well  situated  for  drainage, 
was  found  tit  for  arable  or  pasture  land.  When  it  is  considered 
what  peat  is  capable  of  doing,  and  all  the  results  involved  in  the 
question  of  utilizing  peat,  it  is  impossible  not  to  feel  impressed 
with  the  conviction  that  in  what  has  been  accomplished  at  Hor- 
wich  the  foundation  has  been  laid  of  an  undertaking  of  great 
national  importance  and  interest." 

41.  Artificial  Fuel. — From  the  vast  quantities  of  refuse  and 
other  material  which  result  from  our  coal- working  operations,  it 
has  long  been  a  point  of  importance  to  have  some  means  of  uti- 
lizing them.  In  referring  to  the  various  modes  in  use  to  effect  this, 
Mr.  Nursery — in  his  paper  on  fuel  read  before  the  Society  of  En- 
gineers, and  from  which  we  have  already  quoted — thus  remarks  : 
"  Very  few  have  proved  commercially  successful,  or  even  practi- 
cally adaptable  to  the  necessities  of  steam  engineering.  Of  the 
few  that  have  succeeded,  three  only  appear  to  have  attracted  par- 
ticular attention  by  their  merits.  These  are  respectively  War- 
lich's,  Wylam's,  and  Bell's  patent  fuels,  and  they  occupy  very 
good  positions  in  the  tables  of  results  of  Sir  H.  de  la  Beche  and 
Dr.  Lyon  Playfair's  experiments  previously  noticed.  With  re- 
gard to  their  commercial  position,  Wailich's  would  seem  to  have 
maintained  the  supremacy ;  information  respecting  the  other 
two  is  scant  and  questionable. 

"  Warlich's  patent  fuel  is  manufactured  of  the  best  Welsh 
steam  coal  screenings,  deprived  of  foreign  matter  by  machinery, 
and  then  incorporated  with  a  bituminous  substance.  The  mix- 
ture is  passed  through  pug  mills,  and  pressed  into  square  blocks 
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9  in.  X  6  in.  X  5  in.,  under  a  pressure  of  three  tons  per  square 
inch,  and  are  afterwards  subjected  to  about  800  deg.  of  heat  in 
retorts,  by  which  means  the  noxious  gases,  always  existing  in  coal, 
are  neutralized  and  driven  off,  and  the  fuel  rendered  not  only  im- 
pervious to  the  influence  of  climate,  but  also  perfectly  free  from 
all  liability  to  spontaneous  combustion. 

"  Among  the  advantages  possessed  by  this  fuel  may  be  no- 
ticed its  freedom  from  smell  or  dust.  Being  in  square  blocks  it 
is  well  adapted  for  stowage,  and,  forming  a  compact  mass,  is  free 
from  the  evil  present  in  the  finest  Welsh  coal — a  large  per- 
centage of  dust ;  in  fact,  all  the  fuel  shipped  is  available  for  use 
at  the  port  of  discharge.  Economy  in  space  is  another  point. 
It  occupies  about  one-third  less  space  than  ordinary  coal,  and 
from  its  compact  and  uniform  character  it  can  be  stowed  on  deck 
and  in  other  places  quite  unfit  for  the  stowage  of  coaL  Eco- 
nomy in  consumption — a  most  important  feature — is  abundantly 
proved  by  the  Government  trials  made  at  Portsmouth,  and  pre- 
sented to  the  House  of  Commons  in  June  1858. 

"  All  coal  deteriorates  rapidly  if  exposed  to  the  weather,  and  in 
course  of  time  becomes  comparatively  useless :  but  from  its  pecu- 
liar manufacture,  this  fuel  suffers  no  deterioration  from  the  inju- 
rious effects  of  climate.  Its  freedom  from  spontaneous  combus- 
tion is  consequent  upon  the  adaptation  of  heat  in  its  manufac- 
ture ;  there  has  not  been  an  instance  of  spontaneous  combustion 
during  the  twenty  years  this  fuel  has  been  in  use.  It  effects  a 
great  saving  of  fire  bars.  Welsh  coal,  as  is  well  known,  is  very 
destructive  in  this  particular.  In  some  experiments  conducted 
by  Dr.  Lyon  Playfair,  at  the  instance  of  the  Government,  with 
a  view  of  ascertaining  whether  the  health  of  passengers  and 
crews  were  at  all  imperilled  by  the  storing  of  fuel  on  board  ship, 
several  interesting  facts  were  ehminated.  The  fuel  was  put  to 
severe  tests  and  was  found  unobjectionable.  On  coking  some  of 
the  fuel  it  produced  83*47  per  cent,  of  coke,  thus  showing  that 
it  contained  a  larger  amount  of  fixed  carbon  and  less  volatile 
matter  than  ordinary  coal.  The  amount  of  ash  was  6  "67  per 
cent. 

*'  This  fuel  is  very  largely  used  on  foreign  railways,  both  on  the 
Continent  and  farther  abroad,  there  being  depots  in  several  parts 
of  the  world.     Works  for  its  production  exist  on  an  extensive 
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scale  at  Swansea,  where  100,000  tons  are  produced  annually,  the 
working  time  being  ten  hours  per  day ;  by  night  and  day  work 
the  annual  yield  of  these  works  could  be  doubled  without  in- 
creasing the  present  staff.  The  usual  stock  is  from  15,000  to 
20,000  tons ;  a  thousand  tons  can  be  loaded  in  ten  hours,  so 
great  are  the  facilities  the  size  and  form  of  the  fuel  could  afford 
in  this  respect.  Its  cost  is  about  12s.  per  ton  delivered  at  the 
works,  which  is  also  the  price  plus  freight  to  any  other  part " 

SECTION  SECOND FURNACES. 

42.  Cohe  Ovens. — From  an  article  in  the  Mechanics'  Maga- 
zine, under  date  March  24th,  1865,  we  take  the  following  ex- 
tract : — "  These  ovens  vary  considerably,  as  well  in  their  form  as 
in  minor  constructive  details.  Some  are  circular  and  are  used 
singly,  or  in  connected  groups ;  others  are  square,  and  built  in 
blocks  of  eight  or  so,  having  a  series  of  air  passages  formed  in 
the  brickwork,  the  ovens  being  connected  with  a  central  flue. 
But  it  is  not  so  much  the  form  of  the  oven,  as  the  proper  admis- 
sion of  air  to  the  coking  coals,  which  has  an  important  influence 
upon  the  character  of  the  produce.  There  is  no  great  superior- 
ity in  the  results  of  working  with  the  most  elaborately  constructed, 
and  consequently  costly  ovens,  over  the  cheaply-made  circular 
ovens,  having  a  well-regulated  supply  of  air.  This  description 
of  oven  is  circular  in  plan,  with  a  domed  roof  having  a  central 
opening,  and  built  of  a  capacity  sufficient  for  holding  a  charge  of 
about  five  or  six  tons  of  coal.  A  necessary  amount  of  air  is  ad- 
mitted by  openings  left  at  the  top  of  the  doorway,  which  is  built 
up  with  brick,  and  the  air  holes  are  finally  closed  as  required  and 
luted  with  clay.  The  brick-built  door  is  taken  down  when  the 
process  of  coking  is  completed,  and  water  is  injected  to  cool  down 
the  coke,  which  is  forthwith  removed  by  a  shovel  suspended 
from  a  crane,  and  the  oven  is  then  ready  to  receive  another  charge 
of  coal.  Messrs.  Cory  use  ovens  of  this  description  erected  in  a 
group  and  connected  with  a  central  flue.  In  Church's  circular 
ovens,  which  are  upon  the  same  general  plan,  a  series  of  air  pas- 
sages are  formed  beneath  the  coke  bed,  and  out  of  contact  with 
the  coke.  These  passages  are  opened  on  the  completion  of  the 
coking  process,  and  a  current  of  cold  air  is  thereby  admitted 
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which  assists  in  cooling  down  the  hot  coke,  no  water  being  used 
for  this  purpose.  The  effect  of  this  is  the  production  of  a  per- 
fectly dry  coke,  free  from  all  moisture,  until  absorbed  from  the 
atmosphere.  Coke  thus  made  was  for  a  time  held  in  consider- 
able repute  for  its  steaming  power.  But  the  plan  of  cooling  with 
water  is  now  generally  preferred,  and  for  the  reason  that  when 
the  coke  is  drawn  out  hot  and  cooled  outside  the  oven  a  great 
quantity  of  small  coke  results,  whilst  when  cooled  with  water 
inside  the  oven  there  is  a  better  return  of  large  coke. 

"  An  improved  form  of  oven,  in  which  both  coke  and  gas  can 
be  made  at  the  same  time,  was  patented  a  few  years  since  by  Mr. 
Cox.  The  arrangement  consists  of  an  oven  having  a  return  flue 
over  it,  and  over  this  again  is  a  gas  retort,  the  ovens  being  built 
in  a  row,  and  communicating  with  a  central  chimne}'.  In  the 
brick  piers  which  separate  the  ovens,  passages  are  left,  which  open 
into  the  back  of  the  oven,  and  through  which  air  is  admitted ; 
the  air  thus  becomes  heated  before  reaching  the  coking  coal,  over 
which  it  passes  jO  the  front  of  the  oven  and  thence  through  the 
return  flue  under  the  gas  retort  to  the  chimney.  The  retort  is 
acted  on  by  the  escaping  heat  of  the  oven,  but  for  coking  only 
the  chimney  might  be  placed  at  the  front  of  the  oven,  and  the 
cost  of  erection  be  thereby  diminished,  without  the  quality  of  the 
coke  being  impaired.  An  iron  frame  or  cradle  is  placed  on  the 
floor  of  the  oven  upon  which  the  coke  is  drawn  out  hot  and  then 
cooled  with  water,  but  this  plan  involves  a  larger  quantity  of 
small  coke  than  by  cooling  in  the  oven,  the  coke  being  more  fri- 
able when  hot.  The  coke  ovens  of  the  Bristol  and  Exeter  Rail- 
way at  Bridgewater  are  a  good  example  of  an  efficient  arrange- 
ment ;  they  embrace  modiflcations  of  both  Cox's  and  Church's 
patent  ovens.  A  series  of  cooling  air  passages  beneath  the  coke 
bed,  as  in  Church's  oven,  are  made  to  come  in  contact  with  the 
coke  to  promote  equal  ignition,  and  the  side  air  passages  have 
frequent  openings  into  the  oven.  Tliere  are  also  upper  passages 
for  the  farther  regulation  of  the  admission  of  air.  These  ovens 
are  built  in  blocks  of  eight,  two  rows  of  four  being  placed  back 
to  back,  and  communicating  with  a  central  chimney.  The  lower 
sets  of  air  passages  are  left  open  for  a  short  time  to  promote  the 
equal  ignition  of  the  whole  mass  of  coal  at  once,  and  when  this 
has  taken  place  they  are  closed.     By  the  upper  passages  the  sup- 
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ply  of  air  to  the  burning  fuel  is  regulated,  and  by  the  side  open- 
ings the  air  is  distributed  above  the  burning  mass  as  equally  as 
possible.  The  yield  of  these  ovens  is  about  13  evvts.  of  good 
coke,  6-|  cwts.  of  small  and  waste  coke,  from  a  ton  of  Cardiff  coal ; 
besides  this  there  are  some  ashes  lit  for  lime-burning.  The  in- 
crease in  the  comparative  quantity  of  small  to  large  coke  is  pro- 
bably consequent  upon  the  use  of  cradles  similar  to  that  employed 
in  Cox's  ovens,  upon  which  the  coke  is  drawn  out  hot,  which 
method  of  cooling,  as  already  noticed,  tends  to  increase  the  quan- 
tity of  small  coke. 

"  In  all  these  ovens  the  process  of  coke-making  is  carried  on 
in  a  similar  manner.  They  are  charged  with  their  respective 
quantities  of  coal  in  such  rotation  as  to  produce  the  necessary 
supply  of  coke  each  day.  When  the  plan  of  drawing  the  coke 
hot  and  cooling  it  outside  the  oven  is  adopted,  the  fresh  charge  of 
coal  is  readily  ignited  by  the  heat  of  the  oven,  but  when  the  coke 
is  cooled  inside  the  fresh  coal  requires  to  be  lighted.  After  each 
fresh  charge  the  door  is  lined  inside  with  fire-bricks  and  made 
air  tight  with  a  fire-clay  luting.  In  some  cases,  as  in  the  circu- 
lar ovens,  no  door  is  used,  but  the  opening  is  built  up  with  fire- 
bricks, openings  being  left  for  the  admission  of  air,  such  openings 
being  closed  as  coking  progresses.  The  process  of  coking  occu- 
pies from  forty-eight  to  ninety-six  hours,  the  variableness  of 
duration  being  the  result  of  several  circumstances,  such,  for  in- 
stance, as  the  composition  of  the  coals,  the  class  of  oven  em- 
ployed, and  also  atmospheric  conditions.  A  much  longer  time 
is  occupied  in  the  process  when  the  coal  contains  but  little  sul- 
phur, although  an  excess  of  sulphur  is  injurious  to  coke.  Where 
an  excess  has  been  found  electricity  has  sometimes  been  employed 
to  remove  it  before  the  coke  was  drawn.  But  a  certain  amount 
of  sulphur  promotes  combustion,  and,  in  this  respect,  the  Ehonda 
Valley  coal  of  South  Wales  makes  a  better  coke  than  the  New- 
port coals,  which  contain  a  greater  amount  of  sulphur  and  are 
better  suited  for  household  purposes.  In  making  coke  the  pro- 
gress of  combustion  has  to  be  observed,  and  the  admission  of  air 
regulated  accordingly.  When  flame  ceases  to  issue  from  the 
heated  mass  of  fuel  the  supply  of  air  is  shut  off,  and  this  is  done 
some  time  previously  to  the  coke  being  cooled.  It  is  the  duty  of 
the  coke-burner  to  regulate  the  admission  of  air  and  to  watch  the 
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progress  of  combustion  by  eye-holes  left  for  that  purpose.  Much 
depends  upon  his  care  and  skill,  and  therefore,  with  a  judicious 
exercise  of  care,  the  cheaper  class  of  ovens  are,  for  all  practical 
purposes,  as  efficient  as  the  most  expensive." 

43.  Siemen's  Regenerative  Gets  Furnaces  and  Producers. — 
The  following  is  an  abstract,  given  in  "  London  Journal  of  Arts," 
of  a  paper  read  before  the  British  Association  by  Mr.  S.  N.  F. 
Cox,  descriptive  of  this  important  invention.  "  The  paper  opened 
by  stating  that  the  system  of  regenerative  gas  furnaces  having 
now  been  before  the  manufacturing  world  for  several  years,  and 
employed  for  the  manufacture  of  glass  of  all  kinds,  of  iron  and 
steel,  and  nearly  every  other  article  in  the  production  of  which 
great  heat  was  employed,  and  having  proved  in  nearly  every  case 
successful,  it  had  ceased  to  be  an  experimental  system,  and  had 
become  an  established  and  recognised  success.  The  paper  then 
described,  by  the  aid  of  diagrams,  the  construction  of  the  furnace 
in  which  the  gas  was  burnt,  and  the  gas  producer  for  all  descrip- 
tions of  fuel,  except  binding  coal,  the  method  adopted  for  mak- 
ing the  gas,  and  then  the  binding  coal  producer,  and  the  nature 
of  the  fuel.  By  the  process,  a  flame  was  obtained  (equal  to  a 
white  heat)  which  contained  nothing  that  could  injuriously  affect 
the  most  delicate  manufacture,  for  even  sulphuring  was  prevented ; 
for  the  sulphur  in  separating  from  its  hydrogen  took  up  oxygen 
supplied  by  the  carbonic  acid  and  water,  forming  sulphurous 
acid,  a  firm  compound,  which  was  not  decomposed  on  meeting 
metallic  oxides  in  the  furnace.  The  nature  and  intensity  of  the 
flame  was  also  under  the  instant  control  of  the  man  in  charge  of 
the  furnace,  so  that  the  chemical  nature  of  the  flame  could  be 
altered  at  will — one  minute  an  oxidising  flame  being  obtained, 
and  the  next  a  reducing  or  carbonising  one.  So  also  the  amount 
of  the  flame  could  be  altered  from  the  smallest  flicker  to  the 
complete  filling  of  the  chamber  with  an  intense  body  of  flame. 
The  paper  pointed  out  the  immense  advantage  thus  obtained  in 
furnaces  where  the  delicate  operation  of  heating  or  melting  steel 
was  carried  on ;  and  hence  a  great  number  of  influential  firms 
were  now  adopting  the  furnaces  in  England  for  re-heating  pur- 
poses, especially  for  reheating  steel  blooms  and  ingots.  The 
paper  contained  statements  from  firms  using  the  furnace,  stating 
the  favourable  results  of  their  experiments.     It  pointed  out  that 
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the  advantages  of  the  system  were,  first,  an  immense  saving  of 
fuel.  A  ton  of  steel  by  the  furnace  was  melted  with  an  average 
weight  of  a  ton  of  coal,  instead  of  two  and  a  half  to  three  tons 
of  coke,  which  represented  six  to  seven  tons  of  best  coal.  With 
such  names  before  them  as  Meyer,  Eorsig,  and  Krupp,  as  em- 
ployers of  Siemen's  furnaces  for  steel  melting,  it  did  little  credit 
to  our  English  enterprise  to  say  that  there  was  hardly  one  fur- 
nace in  England  in  constant  work  for  steel  melting.  Besides  the 
saving  of  fuel  there  were  other  advantages  in  the  working  of  the 
furnace,  such  as  cleanliness,  no  solid  fuel  being  brought  into  the 
shop  where  the  furnaces  were,  the  fuel  being  converted  into  gas 
at  any  convenient  distance  from  the  furnaces ;  compactness  of 
arrangement,  saving  of  labour,  and,  above  all,  improvement  in 
the  processes  themselves.  In  every  trade  in  which  the  furnace 
might  be  employed,  the  same  advantages  were  apparent ;  and 
though  the  furnaces  were  costly,  and  required  a  large  outlay  at 
first,  especially  in  old  works,  they  soon  paid  for  themselves." 

The  following  is  a  description,  taken  from  the  "Scientific 
American,"  of  this  furnace,  followed  by  an  illustration  taken  from 
the  paper  read  by  Mr.  Cox  above  alluded  to,  and  which  appeared 
in  the  "Engineer,"  under  date  Oct.  6,  1865 : — "The  first  object 
of  the  invention  is  to  produce  an  intense  heat.  When  solid  fuel 
is  burned  in  an  ordinary  furnace,  at  least  1000°  of  heat  are  ab- 
sorbed and  made  latent  by  the  change  from  the  solid  to  the 
gaseous  form.  In  Siemen's  furnace  this  change  is  effected  before 
the  fuel  is  introduced  into  the  heating  chamber.  This  is  done 
by  setting  a  mass  of  coal  on  fire  in  a  close  chamber,  and  subject- 
ing it  to  slow  combustion  with  an  imperfect  supply  of  air.  In 
this  operation  a  large  portion  of  the  coal  undergoes  destructive 
distillation,  and  is  converted  into  hydro-carbon  gases  and  vapours 
of  a  highly  combustible  nature,  while  that  portion  of  the  coal 
which  is  burned  is  formed  into  carbonic  oxide  only,  in  itself  a 
combustible  gas.  The  gases  thus  generated  are  led  into  the 
heating  chamber,  where  they  are  mingled  with  just  the  proper 
supply  of  atmospheric  air  to  effect  their  complete  combustion. 
The  absorption  of  heat  by  the  change  of  state,  having  taken  place 
in  the  gas-generating  chamber,  the  heat  resulting  from  the  com- 
bustion of  gases  in  the  heating  chamber  is  at  least  1000°  greater 
than  that  which  results  from  the  burning  of  solid  coal. 
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•*  But  a  considerable  poition  of  the  heat  resulting  from  the 
chemical  union  of  the  gases  with  the  oxygen  of  the  air  is  ab- 
sorbed in  raising  the  temperature  of  these  substances.  Mr.  Sie- 
men,  therefore,  to  still  further  augment  the  intensity  of  his  heat, 
laises  the  temperature  of  both  the  atmospheric  air  and  the  gases 
before  they  are  introduced  into  the  heating  chamber.  This  is 
effected  by  passing  each  through  a  honeycomb  mass  of  brick- 
work previously  raised  to  the  temperature  of  white  heat.  There 
are  two  pairs  of  these  masses  of  brick-work,  and  they  are  heated 
alternately  by  the  passage  through  them  of  the  products  of  com- 
bustion, on  the  exit  of  these  products  from  the  heating  chamber. 

"  As  the  supply  of  air  and  combustible  gases  may  be  readily 
controlled  by  valves  in  the  conducting  pipes,  the  quality  of  the 
flame  may  be  varied  at  will.  By  adjusting  the  flow  of  gas  slightly 
in  excess  of  the  air  required  to  effect  its  combustion,  the  presence 
of  free  oxygen  to  attack  the  iron  would  be  avoided,  and  bars 
might  be  raised  to  a  welding  heat  without  being  burned  in  the 
least. 

"  From  the  clearness  and  controllability  of  the  flame,  the  in- 
tensity of  heat,  the  absence  of  smoke,  and  other  advantages,  this 
furnace  is  doubtless  destined  to  play  a  very  important  part  in 
the  mechanic  arts." 

The  following  is  Mr.  Cox's  description  of  the  form  of  furnace 
illustrated  in  Fig.  1 3,  and  which  is  a  "  section  of  a  gas  producer 
intended  for  the  use  of  all  fuels  except  binding  or  caking  coaL 
It  is  a  chamber  three  sides  of  which  are  formed  with  brick-work, 
the  fourth  is  partly  a  cast-iron  plate  A,  covered  with  bricks  to  pro- 
tect it  from  the  action  of  the  fire,  and  partly  an  open  fire-grate  C. 
This  chamber  is  covered  with  a  brick-work  arch,  through  which 
certain  openings  are  left,  over  some  of  which  are  placed  cast-iron 
hoppers  B,  through  which  the  fuel  is  supplied,  and  the  remainder 
of  the  openings  are  only  made  and  used  for  inspecting  the  fuel 
during  the  process  of  gas-making,  and  are  opened  and  closed  at 
pleasure  by  means  of  the  stopper  N.  The  gas  is  made  by  ignit- 
ing, in  the  first  place,  the  fuel  on  the  grate  C. 

"  That  part  of  the  fuel  which  is  on  the  grate  itself  burns  by  the 
entering  air  into  carbonic  acid,  and  the  heat  evolved  ignites  the 
mass  above  it.  The  carbonic  acid  thus  formed  passes  slowly 
upwards  through  the  incandescent  mass  of  fuel  0,  and  becomes 
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converted  into  carbonic  oxide,  which  passes  through  the  remain- 
ing portion  of  the  fuel  and  mingles  with  the  volatile  constituents 
of  the  coal — hydro-carbon  gases,  water,  ammonia,  and  some  car- 
bonic acid,  which  are  distilled  from  the  coal  immediately  upon 
its  entrance  into  the  producer  through  the  hopper  B,  and  which 
are,  of  course,  the  same  as  would  be  evolved  from  it  in  an  ordinary 
gas  retort. 

"  All  the  combustible  portions  of  the  fuel  having  been  thus 
converted  into  a  crude  gas,  only  the  incombustible  portions  of 
the  fuel  remain,  which  are  removed  through  the  grate  from  time 
to  time  in  the  form  of  clinkers  or  dust. 
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"  Water  is  also  supplied  below  the  grate,  and  being  vaporised 
by  the  heat,  is  carried  (by  the  current  of  air  passing  through  the 
grate)  into  the  white-hot  fuel,  and  in  its  passage  through  the  in- 
candescent mass  is  decomposed  and  rearranged  as  hydrogen  and 
carbonic  acid. 

"The  gaseous  fuel  thus  formed  is  carried  from  the  producer, 
through  the  opening  D,  into  an  upright  stack  or  chimney  E, 
thence  into  a  cooling  tube,  and  then  down  through  a  second 
stack,  a  short  distance  from  the  producers,  into  an  underground 
flue  leading  to  the  furnace. 

"Fig.  14  represents  a  section  of  the  form  of  producer  used 

Fig.  14. 


where  binding  or  caking  coal  is  used,  and  several  of  this  form  are 
in  use  at  Sir  W.  Armstrong  and  Co.'s  works  at  Elswick,  at  Messrs. 
Thomas  Richardson  and  Son's,  at  Hartlepool,  and  on  the  Con- 
tinent. Coal  is  thus  used  for  furnace  work  which  has  been 
hitherto  thrown  aside  as  useless  and  allowed  to  burn  to  waste,  or 
at  most  has  only  been  used  for  making  a  very  inferior  kind  of  coke. 
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"  This  producer  works  in  the  same  way  as  that  last  described, 
except  that  the  air  enters  through  the  opening  P,  and  the  steam 
through  the  opening  E,  whicli  latter  opening  is  also  used  for  ex- 
tracting the  clinkers,  dust,  and  other  incombustible  material  in 
this  waste  coal,  or,  as  it  is  termed  in  the  neighbourhood,  *  duff.' 

"  The  gas  made  in  these  producers  has  been  frequently  very 
carefully  analysed  at  the  St.  Gobain  Plate-glass  Works  in  France, 
and  the  average  constituents  of  100  parts  have  been  found  as 
follows : — 


Carbonic  acid, 

4-1 

Oxygen, 

0-4 

Carbonic  oxide, 

23-7 

Carburetted  hydrogen, 

2-2 

Hydrogen,       .            .            .            . 

8-0 

Nitrogen, 

61-5 

99-9 


SECTION  THIRD. — SMOKE  CONSUMPTION. 

44.  History  of  Smoke- Consuming  Contrivances. — Under  the 
title  of  "  Smokeless  Furnaces  "  the  '  Mechanics'  Magazine,'  under 
date  May  12th,  1865,  has  much  interesting  information,  of  which, 
under  the  title  which  heads  this  paragraph,  we  purpose  giving  an 
abstract.  After  referring  to  the  nature  of  consumption  of  fuel  in 
furnaces,  and  to  the  way  in  which  smoke  is  produced,  the  writer 
proceeds  to  describe  the  furnaces  which  have  been  introduced 
from  time  to  time,  which  have  "had  for  their  object  the  consump- 
tion of  smoke.  The  invention  of  the  first  smoke-consuming  fur- 
nace has  generally  been  attributed  to  James  Watt,  and  as  far  as 
relates  to  steam  furnaces  this  may  be  so.  But  there  is  evidence 
that  in  the  seventeenth  century  smoke-preventing  apparatus  was 
used  in  several  French  manufactories.  The  Transactions  of  the 
Academy  of  Sciences  for  1699  embody  some  experiments  made 
by  a  M.  de  la  Hire  in  the  same  direction  with  apparatus  invented 
by  a  French  engineer  of  the  name  of  Delasme,  many  years  pre- 
viously. M.  Delasme  is  said  to  have  exhibited  a  furnace  for 
consuming  its  own  smoke  in  1685  at  the  fair  of  St.  Germain. 
But  this  was  only  a  revival  of  Papin's  scheme  for  making  the 
smoke  descend  through  the  fire  by  a  draught  created  by  means 
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of  his  centrifugal  blower.  The  scheme  is  feasible,  and  would  be 
found  effectual  if  judiciously  carried  out  in  practice.  But  the 
coking  of  the  coal,  and  the  absence  of  an  effectual  exhauster,  have 
hitherto  been  a  bar  to  its  success.  Franklin  introduced  the  system 
into  house  stoves,  but  several  impediments  have  prevented  it  com- 
ing into  use.  "Watt's  patent  is  dated  the  17th  June,  1785,  and  is 
the  last  he  took  out ;  it  is  for  *  certain  newly  improved  methods 
of  constructing  furnaces  or  fireplaces  for  heating,  boiling,  or  eva- 
porating of  water  and  other  liquids  which  are  applicable  to  steam 
engines,  &c.,  whereby  greater  effects  are  produced  from  the  fuel, 
and  the  smoke  is  in  a  great  measure  prevented  or  consumed.' 
The  methods  proposed  for  carrying  out  his  ideas  were  various, 
and  consisted  in  passing  the  smoke  and  gases  from  one  fire  over 
the  bright  coals  in  another,  or  in  causing  the  products  of  combus- 
tion from  the  fresh  fuel  to  pass  through  heated  pipes,  or  amongst 
highly-heated  fuel  which  had  ceased  to  smoke,  and  by  mixing  it 
with  fresh  air  under  those  circumstances.  This  plan  was  practi- 
cally worked  out  by  Watt,  by  placing  the  coal  in  a  vertical  coni- 
cal hopper,  fixed  in  the  brickwork  of  the  boiler  behind  the  fur- 
nace door,  a  stream  of  air  being  passed  through  the  furnace  door 
for  maintaining  combustion.  The  fire  rested  on  a  brick  arch,  and 
the  air  that  reached  it  had  to  pass  through  unconsumed  coal.  But 
this  plan  was  relinquished  on  account  of  the  concretion  of  the  coal 
preventing  the  due  admission  of  air.  In  its  stead  Watt  adopted 
the  plan  of  a  dead  plate  between  the  furnace  door  and  the  fire 
bars,  upon  which  the  coal  is  first  coked  and  then  pushed  back 
upon  the  bars  to  undergo  consumption.  Messrs.  Boulton  and 
Watt  still  adopt  this  plan,  which,  with  careful  firing,  is  very  ef- 
fectual in  preventing  smoke.  An  example  of  this  system  may  be 
seen  at  H.  M.  Victualling  Yard,  Deptford,  under  a  thirty  horse 
boiler  erected  by  Boulton  and  Watt.  The  dead  plate  and  bars 
are  at  the  same  angle,  and  their  inclination  facilitates  the  trans- 
mission of  coal.  Sufficient  air  is  found  within  the  furnace  to  ac- 
complish the  combustion  of  the  gases,  which  pass  from  the  green 
coal  over  the  fire,  where  they  are  consumed. 

"  But  even  as  a  patentee.  Watt  was  not  first  in  the  matter. 
John  Aysel  patented  an  improved  furnace  in  1772,  and  in  1785 
R  Cameron  patented  a  furnace  for  consuming  smoke.  One  of 
the  first  plans  brought  into  use  for  smoke-consuming  upon  the 
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principle  of  admitting  a  stream  of  air  behind  the  bridge,  was  that 
patented  by  Mr.  W.  Thompson  of  Bow -lane,  in  1796.  This  fur- 
nace has  been  subsequently  patented  over  and  over  again  with 
slight  variations,  but  none  have  been  very  successful.  The  diffi- 
culty of  apportioning  the  quantity  of  air  admitted  to  the  varying 
wants  of  the  fire  has  greatly  hindered  their  success.  If  the  valve 
be  regulated  to  supply  the  quantity  necessary  when  the  furnace 
has  just  been  fed,  it  will  supply  too  much  when  the  smoke  has 
passed  away.  But  if  the  supply  of  coal  is  regulated  by  self-act- 
ing mechanism,  the  production  of  smoke  becomes  more  uniform, 
and  the  air  valve  may  be  adjusted  with  some  chance  of  success. 
Or  even  in  other  cases  the  supply  might  be  approximately  ad- 
justed by  Mr.  Murray's  arrangements,  by  which  the  air  is  supplied 
through  a  tube  furnished  with  a  throttle- valve.  The  valve  is 
opened  by  an  attachment  to  the  furnace  door,  and  closed  by 
means  of  a  vane-wheel  in  the  mouth  of  the  tube,  and  which  is 
moved  by  the  current  of  air  passing  through  the  tube  into  the 
furnace.  This  end  was  proposed  to  be  attained  in  Pritchard's 
furnace  by  means  of  a  piston  descending  by  gravity  in  a  cylinder 
of  air,  the  piston  forcing  out  the  air  through  a  small  orifice.  One 
of  the  best  forms  of  this  species  of  mechanism  was  patented  by 
Mr.  Prideaux,  and  has  proved  successful  in  practice.  The  fur- 
nace door  has  a  number  of  Venetian  lattice  bars,  through  which 
the  air  enters.  These  bars  open  when  the  furnace  door  is  opened, 
and  are  closed  by  the  gradual  subsidence  of  a  piston  within  a 
small  cylinder  at  the  hinge  side  of  the  door.  Inside  the  door, 
a  series  of  plates  divide  and  heat  the  air  as  it  enters,  and  further, 
keep  the  door  cool.  In  1819,  Mr.  John  Steel,  of  Dartmouth, 
described,  before  the  Smoke  Committee  of  the  House  of  Com- 
mons, an  important  project — a  revolving  fire-grate.  The  grate  is 
circular,  and  is  fed  from  a  hopper  above  it.  The  coal  is  retained 
upon  the  grate  by  a  surrounding  ledge  of  brick,  nearly  beneath 
which  a  projecting  plate  of  iron  runs  in  a  groove  of  sand,  to  pre- 
vent the  escape  of  air  into  the  furnace.  Motion  is  given  to  the 
grate  by  means  of  bevel  wheels,  contained  in  a  cast-iron  box,  and 
gearing  into  a  large  wheel  beneath  the  bars.  Coal  is  supplied  at 
one  side  of  the  grate,  and  the  products  of  combustion  escape  at 
the  other;  the  gases  being  consumed  in  their  passage  over  the 
incandescent  fuel  on  the  other  parts  of  the  grate.     The  invention 
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of  this  grate  can  hardly  be  said  to  be  due  to  Mr.  Steel,  as  it  ap- 
pears to  have  been  patented  in  1816  by  Mr.  W.  Brunton,  of  Bir- 
mingham, who  used  feed  rollers  for  crushing  the  coal  on  its  way 
to  the  fire.  The  revolving  grate,  in  an  improved  form,  was  ap- 
plied by  Boulton  and  Watt  to  the  steam  furnaces  of  the  Bank  of 
England. 

"An  ingenious  method  of  consuming  smoke  consists  in  light- 
ing the  coal  on  the  top,  as  proposed  by  Cutler  some  years  ago. 
But  the  difficulty  here  is  to  introduce  fresh  coal  beneath  the 
burning  mass,  although  the  plan  has  been  revived  with  modified 
arrangements.  In  July,  1815,  William  Losh,  of  !N'ewcastle,  pa- 
tented a  combination  of  double  furnaces,  fired  alternately,  the 
smoke  of  one  furnace  passing  into  the  ashpit  of  the  other,  by  an 
arrangement  of  dampers,  and  ascending,  mixed  with  air,  through 
the  fire.  This  is  one  of  the  most  efi'ectual  methods  of  consuming 
smoke;  but  shifting  the  dampers  is  a  troublesome  matter,  as  to 
withstand  the  heat  they  must  be  strong  and  heavy.  An  appara- 
tus applied  to  many  boilers  in  Lancashire  is  known  as  Stanley's 
lire  feeder,  by  which  the  coal  is  distributed  over  the  furnace,  almost 
piece  by  piece,  from  a  revolving  fan,  which  is  supplied  from  a  hop- 
per fitted  with  crushing  rollers.  The  gearing  is  so  arranged  that, 
as  the  speed  of  the  engine  quickens,  the  efiective  speed  of  the  ap- 
paratus becomes  less,  and  the  quantity  of  coal  supplied  just  equals 
the  demands  of  the  engine  for  steam.  Jeff'rey's  plan  for  prevent- 
ing smoke  consists  in  causing  a  down  draught  through  a  shaft  in 
which  a  shower  of  water  was  kept  constantly  falling.  The  smoke 
is  thus  condensed  and  carried  off.  This  plan  requires  two  or 
more  chimneys,  closed  at  the  top,  and  connected  by  a  cross-flue. 
There  are,  however,  many  methods  of  destroying  smoke  more 
economical  than  this.  Its  chief  value  will  be  found  in  its  appli- 
cation to  copper  smelting  furnaces,  vitriol,  and  such  works,  for 
condensing  the  insalubrious  vapours ;  and  here  its  use  should  be 
made  compulsory.  The  method  of  obviating  smoke  by  admit- 
ting steam  into  the  furnace  has  been  frequently  tried.  Mr. 
Evans  took  out  a  patent  for  it  in  1824,  and  Mr.  Nasmyth  intro- 
duced it  into  the  Edinburgh  Gas  Works  many  years  ago,  and  Mr. 
Iveson,  of  Edinburgh,  has  since  revived  the  plan.  In  locomotives, 
the  steam  jet  has  been  successfully  applied  by  Mr.  Clark.  John 
Chanter  has  been  about  the  most  indefatigable  worker  in  the 
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field  of  smoke  burning;  his  name  appears  upon  a  perfect  multi- 
tude of  patents  for  ever)'-  variety  of  furnace.  His  principle  in 
1834  was  to  gradually  dry  and  prepare  the  coal  in  the  furnace, 
so  that  the  liberated  gases  were  burnt  in  the  hottest  part.  He 
used  two  grates,  air  being  supplied  to  the  first  by  means  of  a  tube 
beneath  it,  in  the  centre  of  the  furnace ;  but.  from  the  frequent 
variation  of  his  plans,  it  is  difficult  to  assign  to  him  any  distinct 
or  particular  principle.  Mr.  Cheetham  drew  the  inflammable 
portions  of  the  smoke  from  the  upper  part  of  the  flue  by  means 
of  a  fan,  returning  them  to  the  furnace  through  the  ashpit,  mixed 
with  air.  The  result  of  this  mixture  of  gas  and  air  was  an  occa- 
sional explosion  in  the  ashpit,  which  quietly  lifted  the  boiler  from 
its  setting.  About  five-and-twenty  years  ago,  Mr.  Bourne  ap- 
plied some  contrivances  for  obviating  smoke  in  vessels  of  the 
Peninsular  Steam  Company.  His  arrangement  adopted  in  the 
"  William  Fawcett  "  was  a  double  retort  furnace.  The  furnaces 
were  in  pairs,  the  intervening  water-space  being  pierced,  so  that 
the  smoke  from  one  passed  through  a  pipe  fitted  at  the  furnace 
mouth  into  the  ashpit  of  the  other,  where  it  was  mixed  with  air, 
and  ascended  into  the  next  furnace  to  be  consumed.  One  fur- 
nace thus  operated  as  a  retort,  while  the  other  was  acting  as  a 
furnace.  In  the  *  Tagus,'  two  Venetian  bridges  were  formed  of 
tiles,  with  a  vacant  space  between  them.  The  tiles  were  heated 
by  the  passing  flame,  and  a  thin  fire  being  kept  on  the  bars,  suf- 
ficient oxygen  passed  through  the  burning  fuel  for  the  combustion 
of  the  gases  in  their  passage  between  the  tiles.  By  this  method 
the  smoke  was  entirely  prevented.  The  arrangement  in  the  '  Li- 
verpool' was  somewhat  different,  and  consisted  in  two  sets  of 
furnace  bars — those  next  the  door  being  made  of  cast-iron,  and 
those  beyond  of  fire-clay.  The  coal  was  coked  on  the  first,  and 
pushed  on  to  the  second  set.  A  powerful  draught  was  provided 
for  by  two  exhausting  fans  at  the  base  of  the  chimney,  which 
drew  the  air  from  the  flues  through  chests  surrounded  by  feed 
water,  and  discharged  it  into  the  paddle  boxes.  These  arrange- 
ments were  found  to  work  so  well  that  twenty  years  later 
Mr.  Bourne  adopted  them  for  maintaining  the  draught  in  some 
vessels  for  India.  Very  much  has  been  said  about  the  argand 
furnace  of  Mr.  Charles  Wye  Williams,  in  which  air  is  admitted 
by  numerous  small  orifices.     The  practical  efficiency  of  this  fur- 
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nace  was  tested  at  Boulton  and  Watts'  works.  An  ordinary 
boiler  was  fired  for  four  months  with  a  certain  kind  of  coal,  the 
effect  and  consumption  being  noted.  Williams'  principle  was 
then  applied  under  conditions  as  nearly  identical  as  they  could 
be,  and  the  consumption  of  coal  proved  to  be  nearly  a  pound  per 
horse  power  per  hour  more  than  before  the  principle  was  applied. 
At  the  Deptford  Pumping  Station  an  apparatus  is  in  use  which 
was  patented  by  Mr.  R.  A.  Rumble.  It  consists  of  hoppers  and 
moveable  fronts  having  inclined  planes  of  peculiar  construction 
attached  to  them,  on  which  the  fuel  falls  and  is  pushed  gradually 
forward.  No  smoke  is  seen,  and  clinkers  are  to  a  great  extent 
prevented.  The  apparatus  is  self-acting,  and  applicable  to  ma- 
rine as  well  as  to  stationary  boilers." 

45.  Smoke  Burning  in  Manufacturing  Furnaces. — Under  the 
above  title,  the  'Engineer,'  of  date  Sept.  22d,  1865,  has  the  fol- 
lowing amongst  other  remarks :  "  No  patent  covers  the  use  of  a 
regular  and  equal  firing,  by  which  the  sudden  development  of 
too  great  quantities  of  cold  gases  is  prevented.  The  use  of  Welsh 
coal,  so  generally  employed  in  London  for  avoiding  smoke,  is 
only  an  indolent  substitute  for  the  proper  firing  of  a  soundly- 
constructed  furnace.  The  principle  of  double-firing,  by  which 
the  necessary  irregularities  of  any  furnace  can  be  made  to  correct 
those  of  the  other,  could  also  be  very  generally  adopted.  The 
supplementary  introduction  of  atmospheric  air  into  the  products 
of  combustion  is  yet  another  means  of  command  over  the  neces- 
sary irregularities  in  the  combustion  of  any  furnace.  The  de- 
signer can  often  vary  the  application  of  the  principle  by  either 
admitting  air  in  an  intermittent  way  through  the  fire-door,  or  by 
letting  it  into  the  already-formed  volume  of  burning  gases. 

"  It  is  notorious  that,  notwithstanding  the  complaints  yet  oc- 
casionally heard,  the  amount  of  smoke  in  the  atmosphere  of  Lon- 
don has  been  considerably  reduced  within  the  last  ten  years  by 
means  of  the  Metropolitan  Smoke  Nuisance  Abatement  Act.  The 
necessary  penalties  have  not  merely  had  an  effect  on  the  steam 
furnaces  of  the  vessels  plying  on  the  river  '  above  bridge,'  but  also 
on  the  large  furnaces  used  in  the  different  metropolitan  manufac- 
tories, such  as  the  Lambeth  Potteries.  Much,  no  doubt,  yet  re- 
mains to  be  done,  but  London,  compared  with  what  it  was  ten 
years  ago,  affords  visible  evidence  that  where  there  is  a  will  there 
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is  a  way  of  consuming  the  smoke  of  large  furnaces.  In  other 
large  cities,  in  which  only  the  provisions  of  the  Local  Govern- 
ment Act  can  be  enforced  against  smoke,  the  improvement  is  not 
so  manifest — from  the  simple  fact  that  the  necessity  is  not  so 
pressing.  The  stringency  mth  which  the  clause  of  this  Act 
against  smoke  is  enforced  naturally  varies  with  local  circum- 
stances. It  has  indeed  happened  that  a  local  magistrate  sitting 
on  the  bench  has  had  a  summons  for  not  burning  smoke  brought 
before  him  against  himself;  but  we  do  not  think  that  it  is  in 
human  nature  that  such  a  case  could  be  often  repeated.  A  very 
successful  plan  of  furnace  for  potteries  was  first  introduced  into 
the  works  of  Messrs.  Henry  Doulton  and  Watts,  of  Lambeth, 
about  six  or  seven  years  ago.  Its  general  adoption  has  almost 
cleared  Lambeth  of  the  thick  volumes  of  smoke  that  used  to 
enshroud  the  numerous  potteries  in  that  part  of  London.  The 
fifteen  large  furnaces  of  the  Messrs,  Doulton  are  each  furnished 
with  ten  grates,  upon  which  is  burnt  a  very  bituminous  north- 
country  coal.  The  furnaces  are  fired  from  above,  and  just  beyond 
the  opening  where  the  fuel  is  introduced,  on  the  arch  of  each 
grate,  is  a  vertical  division  of  perforated  bricks.  The  amount  of 
the  air  passing  through  these  holes  can  be  increased  or  diminished 
at  will.  In  its  passage  through  the  holes  it  gets  heated,  and 
mingles  behind  the  bridge  with  the  gases  of  the  coal,  entering 
into  a  combustion  which  is  complete  in  the  interior  of  the  fur- 
nace. No  visible  smoke  is  formed,  but  it  appears  if  the  passages 
through  the  perforated  bricks  are  temporarily  closed. 

"  In  spite,  again,  of  the  enormous  volumes  of  smoke  which  are 
being  continually  belched  forth  from  the  numerous  puddling  fur- 
naces throughout  the  kingdom,  we  think  they  could  often  be 
constructed  to  burn  their  own  smoke,  even  viathout  the  aid  of 
Mr.  C.  W.  Siemens.     (See  par.  43). 

"  In  the  works,  for  instance,  of  Messrs.  Johnson  Brothers,  of 
Bradford,  are  what  are  probably  unique  specimens  of  very  suc- 
cessful smoke-consuming  puddling  furnaces.  The  plan  adopted 
is  very  simple.  The  furnaces  are  arranged  in  couples,  each  pair 
heating  a  vertical  boiler,  but  each  furnace  being  in  other  respects 
independent  of  the  other,  in  order  not  to  interfere  with  the  pud- 
dling. Their  gases  only  combine  under  the  boiler,  when  they 
are  conducted  to  a  central  chimney  serving  for  the  whole  shed. 
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In  other  respects  the  furnaces  do  not  differ  from  the  common 
puddling  furnace,  except  in  being  rather  shorter  than  ordinarily. 
The  only  distinguishing  feature  is  an  opening  of  about  the  size 
of  a  brick,  made  in  the  outlet  pipe,  at  about  1 8  in.  from  the  end 
of  the  furnace.  The  fireman  varies  the  area  of  this  opening  by 
means  of  a  moveable  brick,  so  that  additional  air  is  introduced, 
which  keeps  up  an  intense  combustion  in  the  passage,  even  be- 
fore the  gases  of  the  two  furnaces  get  mixed  under  the  boiler. 
This  simple  arrangement  merely  embodying  the  principle  of 
double  firing,  and  of  the  admission  of  cold  air  into  the  gaseous 
current  of  the  products  of  combustion,  prevented  the  formation 
of  smoke  with  the  use  of  the  ordinary  Lancashire  fuel." 

46.  Smoke-burning  Locomotives.-^JJndeT  the  above  title,  the 
Mechanics'  Magazine,  April  28th,  1865,  has  some  very  valuable 
and  interesting  remarks  on  a  subject  which  is  now  attracting  con- 
siderable attention,  from  which  we  take  the  following  extracts : 
*'  Among  the  first  attempts  to  render  coal-burning  locomotives 
also  smoke-burning,  was  that  of  Mr.  Gray,  who  at  a  very  early 
period  introduced  in  the  'Lever'  engine  double  furnaces,  one 
above  another,  for  burning  smoke.  The  upper  furnace  had  tubu- 
lar fire-bars,  and  the  smoke  from  the  lower  furnace  ascended 
through  the  upper,  by  which  it  was  consumed.  In  Dewrance's 
locomotive  boiler  the  fire-box  is  divided  in  the  direction  of  its 
height  by  an  oblique  partition  perforated  with  short  tubes.  He 
thus  forms  a  combustion  chamber  for  mixing  the  gases  evolved 
by  the  fuel  on  the  grate,  with  the  atmospheric  air  mingled  with 
them,  and  combination  thus  takes  place  before  the  smoke  enters 
the  tubes  of  the  boiler.  Andrews  divides  the  lower  from  the  up- 
per part  of  the  fire-box  by  a  partition  perforated  by  short  pipes. 
The  upper  portion  thus  constitutes  a  combustion  chamber  to 
which  air  is  admitted  by  suitable  orifices  for  the  combustion  of 
the  inflammable  parts  of  the  smoke.  In  the  arrangement  effected 
by  Healy,  the  boiler  is  a  square  hollow  vessel,  having  the  grate 
in  the  interior,  to  which  the  fuel  is  supplied  through  a  hole  at  the 
top.  On  its  way  to  the  chimney  the  smoke  is  made  to  pass 
beneath  a  fireclay  block,  which  dips  into  the  fire,  and  thus  com- 
pels the  smoke  to  pass  through  the  incandescent  embers.  A 
stream  of  air  is  let  in  at  tliis  point  by  suitable  orifices,  meeting 
which  the  smoke  is  consumed.     M.  Dumery,  of  Paris,  has  a 
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smoke-burning  locomotive  in  which  the  coal  is  raised  up  into  the 
fire-box  by  means  of  vanes  which  revolve  in  a  case  at  each  end 
of  the  grate.  Gryll's  idea  is  to  remove  the  tube-plate  some  dis- 
tance back  from  the  fire,  thus  withdrawing  it  from  the  intense 
heat  of  the  furnace  and  at  the  same  time  leaving  a  combustion 
chamber  between  the  ends  of  the  tubes  and  the  fire-box.  M'Con- 
nell  uses  tubular  stays  having  valves,  by  means  of  which  he  ad- 
mits air  to  the  furnace  to  burn  the  unconsumed  gases  in  locomo- 
tives. He  also  heats  the  feed- water  by  conducting  it  through  a 
coil  of  pipe  which  surrounds  the  blast  pipe  in  the  smoke-box. 
This  arrangement  was  tried  on  the  North  Western  Railway,  and 
it  appears  from  an  experiment  made  by  Messrs.  Woods  and  Mar- 
shall, that  1  lb.  of  coke  evaporated  8'65  lbs  of  water;  and  a 
pound  of  coal,  with  M'Connell's  smoke-burning  engine,  5  "83  lbs. 
They  found  the  evaporative  power  of  coke  to  be  20  per  cent, 
greater  than  that  of  coal  in  the  stationary  engine  at  the  station. 
We  shall  refer  again  to  the  performances  of  engines  with  M'Con- 
nell's  adaptations,  as  against  other  systems.  In  Seattle's  locomo- 
tive both  a  coal  and  a  coke  fire  were  at  first  employed,  the  coke 
fire  consuming  the  smoke  from  the  coal.  But  this  plan  was 
subsequently  modified,  a  coal  fire  only  being  used,  the  smoke  from 
which  is  caused  to  come  in  contact  with  a  curved  fire-tile  bridge. 
This  bridge  deflects  the  smoke  downwards  on  the  fire,  and  forms 
in  effect  a  combustion  chamber,  there  are  likewise  fire-tile  pipes 
or  perforations,  which  being  highly  heated  consume  the  smoke 
as  it  passes  through  them.  Mr.  Beattie  also  heats  the  feed  wa- 
ter by  injecting  it  into  a  vessel  filled  with  waste  steam.  Long- 
ridge  and  Richardson's  plan  is  to  introduce  the  coal  first  upon  a 
series  of  small  bars  near  the  mouth  of  the  furnace,  and  when 
coked  sufficiently  there,  to  force  it  back  upon  the  fire.  On  the 
Northern  Railway  of  France  a  grate  resembling  a  flight  of  stairs 
has  been  used,  each  bar,  which  is  wide  and  shallow,  forming  the 
tread  of  the  step.  The  air  finds  its  way  in  through  the  spaces 
between  the  treads.  The  steps  descend  from  the  fire-door;  the 
coal  being  fed  on  the  top,  is  pushed  or  gradually  falls  down  the 
declivity  as  it  burns.  These  plans  sufficiently  illustrate  the  gen- 
eral methods  by  which  it  has  been  sought  to  alleviate  the  evils 
arising  from  the  use  of  coal  in  locomotives.  .  .  .  The  con- 
stantly varying  conditions  presented  by  the  furnace  of  a  locomo- 
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tive  when  working  create  difficulties  and  impede  the  perfect  ac- 
tion of  most  of  the  ordinary  plans  in  use.     With  a  view  to  over- 
come the  various  objections  and  difficulties  that  were  constantly 
arising,  D.  K.  Clark  patented  an  arrangement  whereby  the  vol- 
ume, range,  and  power  of  the  air  currents  are  extended,  and  they 
are  better  adjusted  to  the  requirements  of  the  furnace.      In  tliis 
system  small  jets  of  steam  are  employed  in  aiding  the  thorough 
admixture  of  the  air   within  the  box.      The  arrangement   con- 
sists in  forming  openings  in  the  sides  of  furnaces  in  free  com- 
munication with  the  atmosphere  for  the  admission  of  air.     Jets 
of  steam  are  projected  through  these  openings  in  order  to  draw 
the  air  into  the  furnace,  and  to  diffuse  and  mix  the  air  M'ith 
the  combustible  gases  as  they  are  generated,  and  so  to  burn  them 
and  economise  fuel.      When  the  steam-inducted  air-columns  are 
directed  upon  the  fuel  it  raises  it  to  a  state  of  intense  ignition. 
Thus  smoke  is  prevented  and  a  considerable  portion  of  the  solid 
fuel  is  consumed  by  the  inducted  air.      There  is  no  construction 
within  the  iire-box,  and  consequently  no  destruction  from  expo- 
sure to  intense  heat,  neither  does  it  in  any  way  interfere  with  the 
fire-box  or  the  management  of  the  fire,  and  is  governed  simply 
by  a  steam-cock  near  the  driver.     The  steam  nozzles  here  bear  a 
similar  relation  to  the  air  to  which  they  are  directed  as  do  the 
blast  pipes  to  the  chimneys ;  indeed,  they  may  be  described  as  so 
many  blast-pipes  and  chimneys  on  a  very  small  scale  turned  into 
the  fire-box,  possessing  in  a  relative  degree  the  power  of  urging 
the  draught.     The  various  currents  of  air  by  direction  of  the 
steam  are  delivered  with  such  correctness  and  force  as  to  range 
over  the  entire  surface  of  the  burning  mass  in  the  furnace.     The 
air  is  thus  forcibly  mixed  and  distributed  amongst  the  gases,  and 
the  result  is  a  perfect  prevention  of  smoke.     It  is  found  in  prac- 
tice that  the  jets  are  not  required  to  be  kept  constantly  in  use, 
their   occasional   action   being   quite  sufficient  to  ensure  all  the 
benefits  derivable  from  the  application  of  the  system  when  the 
engine  is  at  work.     They  are  chiefly  called  into  requisition  when 
the  fire  has  just  been  coaled,  or  when  steam  is  shut  off  at  sta- 
tions, in  which  cases,  and  especially  the  latter,  were  it  not  for 
these   steam-inducted  air   currents,   smoke   must   inevitably   be 
formed  and  escape  from  tlie  chimne3\     As  the  heat  in  the  fire- 
box becomes  modified  in  intensity,  the  jets  may  be  turned  par- 
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tially  off,  and  when  the  engine  is  on  her  way  again  their  action 
may  be  altogether  dispensed  with.  If  the  areas  of  the  air-holes 
are  properly  proportioned,  they  require  no  regulators,  that  is,  if 
they  are  not  made  too  large  so  as  to  admit  an  excess  of  air." 

47.  Smoke  Prevention  at  Sea. — From  an  article  on  this  sub- 
ject in  the  'Engineer,'  August  11th,  1865,  we  take  the  following 
extract: — "Straightforward,  unmitigated,  ?^o?^- consumption  of 
smoke  must  be  sought  for  at  sea.  It  is  not  nearly  so  easy  to  find 
it  on  land.  To  all  appearance  this  thing  ought  not  to  be.  The 
marine  engineer  has  as  much — if  not  more — space  at  his  disposal 
as  the  designer  of  locomotives;  and  we  are  led  perforce  to  be- 
lieve, either  that  marine  engineers  and  steam  shipping  owners 
are  very  ignorant  of  what  is  good  for  them,  or  that  some  sj)ecial 
difficulties  attend  upon  tlie  burning  of  coal  at  sea  which  are  not 
present  in  the  same  degree  on  shore.  The  first  idea  involves 
some  truth,  perhaps,  but  mixed  up  with  too  great  an  amount  of 
absurdity  to  render  it  worthy  of  much  credence.  Our  great  firms 
are  too  well  aware  of  the  advantages  to  be  derived  from  securing 
perfect  combustion  to  wholly  ignore  the  whole  subject,  and  act 
without  very  sufficient  reasons  as  though  coal  never  smoked.  To 
what  then  are  we  to  attribute  the  fact  that  smoke-preventing 
contrivances  find  less  favour  at  sea  than  they  do  on  shore?  We 
fancy  that  the  principal  cause  must  be  found  in  the  fact  that 
marine  boilers  are  usually  overworked,  and  that  as  a  result  the 
system  of  firing  adopted  renders  it  absolutely  out  of  the  question 
to  hope  for  much  benefit  from  any  device  the  success  of  which 
depends  on  the  fires  being  left  to  themselves  for  moderate  periods. 
It  will,  no  doubt,  be  urged  by  the  advocates  of  smoke  prevention 
that  a  direct  economy  of  fuel  follows  on  complete  combustion, 
and  that  the  evaporative  efficiency  of  boilers  is  directly  increased 
in  the  same,  or  nearly  the  same,  proportion.  The  first  statement 
contains  a  great  deal  of  truth — truth,  be  it  observed,  which  works 
out  in  practice.  The  second  statement  is  also  true,  but  only 
under  exceptional  circumstances.  We  have  been  at  the  trouble 
ere  now  to  investigate  cases  where  smoke-burning  apparatus  had 
been  applied  to  marine  boilers  which  previously  smoked  heavily  ; 
in  nearly  every  instance  the  result  was  that  the  admission  of  air 
above  the  fuel  reduced  the  rate  of  consumption  per  foot  of  grate 
per  hour,  and  the  efficiency  of  the  boiler  was  thereby  diminished. 
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Part  of  the  loss  was  made  up  by  the  combustion  of  the  gases, 
but  not  the  whole  loss.  The  saving  of  fuel  was  commonly  very 
marked  ;  but,  unfortunately,  where  the  boiler  was  already  defi- 
cient in  power,  the  loss  could  not  be  tolerated,  and  the  appara- 
tus had  usually  to  be  removed.  It  is  certain,  however,  that  in- 
stances may  and  do  occur  in  which  the  result  of  bringing  about 
more  perfect  combustion  is  a  direct  increase,  not  only  in  economy, 
but  in  relative  efficiency,  and  from  such  facts  very  magnificent 
deductions  have  been  drawn  ere  now.  In  the  majority  of  cases 
of  the  kind,  however,  which  have  come  under  our  knowledge,  we 
have  found  that  a  remarkable  analogy  exists  between  such  high 
results  and  those  given  under  peculiar  circumstances  by  super- 
heating. "When  a  boiler  is  so  radically  bad  that  much  water 
passes  over  to  the  cyhnder  with  the  steam,  great  advantage  fol- 
lows on  the  use  of  the  superheater.  The  same  apparatus  applied 
to  a  good  boiler  may  possibly  give  an  economical  result  hardly 
worth  the  trouble  and  expense  by  which  it  is  secured.  In  like 
manner,  furnaces  may  be  met  with  in  which  the  combustion  is 
so  imperfect,  and  all  the  arrangements  are  so  bad,  that  not  only 
is  fuel  wasted,  but  the  power  of  the  boiler  directly  diminished. 
In  such  cases,  of  course,  it  is  very  easy  to  make  alterations  which 
shall  at  once  effect  a  saving  in  fuel  and  increase  the  production 
of  steam ;  but  such  extreme  cases  are  rare  at  sea,  and  exception- 
ally rare  on  land. 

"  The  principal  reason,  then,  why  marine  furnaces  are  not  smoke- 
less or  nearly  so,  must,  we  think,  be  found  in  the  fact  that  suffi- 
cient air  to  secure  perfect  combustion  of  the  gases  cannot  be 
admitted  above  the  burning  fuel  without  reducing  the  steam- 
producing  power  of  the  boilers  to  an  extent  greater  than  is  ad- 
missible. Whether  such  a  result  follows  as  a  matter  of  necessity, 
or  of  negligence  or  ignorance  on  the  part  of  the  engineer,  remains 
open  to  question,  and  conditions  vary  so  much  that  it  is  impossi- 
ble to  give  anything  like  a  satisfactory  general  answer.  Under 
certain  circumstances  the  engineer  finds  that,  design  his  boilers 
how  he  will,  they  are  forced  beyond  their  natural  capacity  to  an 
extent  which  renders  anything  like  perfect  combustion  a  physical 
impossibility.  Argand  doors  are  of  little  use  to  a  furnace  heaped 
with  fuel  within  a  few  inches  of  the  crown  plate  ;  possibly  right 
up  to  it  at  the  door.     Again,  the  space  available  for  the  boiler 
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iway  be  so  small  that  heavy  firing  is  indispensable.  The  greatest 
difficulty  of  all  in  the  matter  is,  however,  the  absence  of  sufficient 
draught.  Locomotives  smoke  at  stations  with  the  blower  on, 
because  the  quantity  of  air  entering  the  furnace  is  insufficient  to 
complete  the  oxidation  of  the  gases.  When  running  at  full 
speed  with  a  heavy  train,  the  furnace  is,  in  well-designed  boilers, 
all  but  smokeless  ;  but  in  the  marine  boiler  the  draught  is  seldom 
greater  than  in  the  locomotive  when  standing.  The  heat  within 
the  furnace  is  less,  and  the  gases,  rapidly  cooled  down  by  the 
boiler  plates,  refuse  to  burn.  The  temperature,  again,  of  the 
furnace  is  kept  down  by  the  introduction  of  too  much  air  in  the 
wrong  place.  As  far  as  regards  combustion,  very  good  results 
would  follow  in  most  marine  boilers  on  a  considerable  reduction 
of  grate  area,  the  space  thus  lost  for  the  admission  of  air  being 
made  up  for  by  perforated  doors,  and,  possibly,  bridges.  In  order, 
however,  to  maintain  the  actual  efficiency  of  the  boilers  under 
such  conditions,  it  would  be  necessary  in  most  cases  to  increase 
the  intensity  of  the  draught,  either  by  the  use  of  a  fan,  a  longer 
stack,  or  a  jet.  A  long  stack  is  an  evil  at  sea.  The  jet  runs 
away  with  a  good  deal  of  steam,  and  is  not  quite  as  effectual  as 
is  desirable  within  chimneys  of  large  diameter,  and,  therefore, 
it  is  probable  that  the  best  results  would  be  derived  from  the 
fan — an  expedient  already  used  with  very  great  success  both  in 
this  country  and  in  America.  The  principal  difficulty  to  be  con- 
tended with  here,  lies  in  the  fact  that  the  crowns  of  marine  fur- 
naces are  usually  so  low  that  they  are  liable  to  suffer  considerably 
from  a  very  elevated  temperature,  should  the  circulation  not  be 
very  perfect.  With  a  more  intense  draught,  however,  the  ash 
pits  might  be  made  shallower  by  lowering  the  grate  bars,  and  the 
furnace  crown  protected  by  turning  a  thin  arch  of  fire  tile  over 
the  grate  for  its  entire  length.  The  expedient  would  be  a  little 
expensive,  as  the  arch  would  wear  out  rapidly,  but  it  would 
protect  the  gases  from  the  cooling  influence  of  the  plates  until 
sufficient  time  was  allowed  for  their  combustion,  and  it  is  not  im- 
possible that  it  would  pay  for  itself  by  the  saving  effected  in  the 
repairs  of  the  boiler. 

"  Although  we  are  not  disposed  to  believe  that  smokeless  fur- 
naces will  ever  become  the  rule  at  sea,  still  we  feel  convinced 
that  it  only  requires  a  little  energy  on  the  part  of  our  engineers 
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and  shipping  companies  to  render  combustion  at  sea  far  better 
than  it  is.  As  at  present  constructed  too  much  is  thought  of 
heating  surface,  too  little  of  furnace  room  and  circulation. 
Smaller  grates,  sharper  draughts,  larger  furnaces,  and  longer  runs 
from  the  furnace  proper  to  the  tube  plate  are  required ;  and  be- 
ing present,  the  smoke  nuisance — for  it  is  a  nuisance  even  at  sea 
— will  be  mitigated.  It  is  not  necessary  that  a  smoke-burning 
device  shall  be  employed  which  admits  so  much  air  that  the  power 
of  the  boiler  is  diminished.  Such  a  scheme  will  never  find  favour 
at  sea,  even  though  it  effected  a  considerable  saving  in  fuel.  The 
thing  really  in  demand  is  a  furnace  which  shall  not  only  prove 
economical  of  fuel,  but — which,  in  the  eyes  of  the  shipowner  is  of 
even  more  importance — will  add  to  the  efficiency  of  the  boiler. 
Were  it  possible  to  produce  a  device  by  which  good  boilers,  now 
working  up  to  200-horse  power  let  us  say,  could  be  made  to 
work  up  to  220-horse  power,  while  each  pound  of  coal  would 
evaporate  8  lb.  of  water  instead  of  7  lb.,  the  fortune  of  the  in- 
ventor would  be  made.  It  is  almost  needless  to  remind  our 
readers  that  so  desirable  a  result  cannot  possibly  be  brought  about 
by  doors  or  bridges,  however  skilfully  wrought,  so  long  as  the 
arrangements  of  the  boiler  itself  are  imperfect.  ^larine  boiler 
engineering  is  not  very  far  behind  the  age,  but  it  is  desirable 
that  some  one  should  step  forward,  break  down  the  barriers  of 
prejudice  and  routine  which  now  invest  the  subject,  and  introduce 
such  important,  albeit  moderate,  changes  on  existing  practice,  as 
would  conduce  to  the  efficiency  of  our  steamships  and  the  profit 
of  their  owners.' 


DIVISION  THIRD. 

STEAM  ENGINES. 

SECTION  FIRST. STATIONARY  ENGINES. 

48a.  Cornish  Pumping  Engines. — In  p.  119,  par.  26,  tlie 
reader  of  volume  of  "Engineering  Facts  and  Figures  for  1864  " 
will  find  some  remarks  on  the  high  position  which  the  Cornish 
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pumping  engine  has  for  long  maintained  in  mechanical  engineer- 
ing, and  also  as  to  the  opinion  now  gaining  ground  amongst  many 
authorities  that  it,  in  some  points  at  least,  scarcely  deserves  this 
position.  It  is  probable,  however,  that  this  deterioration,  as 
pointed  out  in  a  recent  article  in  the  "  Mining  Journal,"  arises 
from  want  of  care  and  proper  attention.  "In  the  year  1811," 
says  this  article,  "  Mr.  Joel  Lean  began  to  report  the  performances 
of  the  Cornish  engines,  and  during  that  year,  it  is  said,  issued 
liis  first  engine  report.  In  the  year  1827  an  eminent  engineer, 
Capt.  Samuel  Grose,  commenced  to  improve  the  duty  of  steam 
engines  at  Great  "Wheel  Towan.  It  is  believed  that  practical  ex- 
perience has  done  more  than  scientific  researches  in  procuring  the 
high  economy  of  fuel,  which  has  been  the  result,  and  that  this 
has  been  principally  efi'ected  by  the  use  of  high  pressure  steam 
expansively  employed,  and  using  Mr.  Trevithick's  boilers,  and 
clothing  the  steam  pipes  and  cylinders  with  a  non-conducting 
material,  together  with  great  attention  of  the  enginemen  to  the 
fires,  so  as  to  make  the  best  of  every  bushel  of  coals  consumed, 
as  some  enginemen  are  now  doing  on  the  railways. 

"  In  1843  the  average  duty  for  94  lbs.  of  coal  was  60,000,000 
lbs.,  while  in  1856  it  had  steadily  decreased  to  47,000,000  lbs., 
for  the  same  fuel.  It  is  to  be  deeply  regretted  that  the  duty  of 
our  steam  engines  is  decreasing,  and  that  many  of  the  important 
lessons  taught  by  Capt.  Grose  appear  to  be  forgotten  ;  whilst  we 
are  brought  familiar  with  the  rapid  improvements  of  locomotive 
and  marine  engines,  v^e  have  to  deplore  a  retrograde  movement 
of  the  stationary  engines  in  our  Cornish  mines.  With  the  pre- 
sent low  price  of  minerals,  and  reduced  dividends,  we  certainly 
ought  to  try  to  bring  up  the  duty  of  our  steam  engines  to  where 
it  was  in  1843.  The  number  of  pumping  engines  reported  for 
January  is  37.  They  have  consumed  2,846  tons  of  coal,  and 
lifted  22*3  million  tons  of  water  ten  frames  high.  The  average 
duty  of  the  whole  is,  therefore,  52,800,000  lbs.  lifted  one  foot 
high  by  the  consumption  of  112  lbs.  of  coal." 

49.  Rotative  and  Cornish  Pumping  Engines. — In  par.  27,  p. 
133  of  last  year's  volume  of  this  work,  we  gave  an  article  on  this 
subject.  In  the  discussion  which  followed  upon  the  reading  of 
Mr.  Eraser's  paper  on  "Cornish  Pumping  engines" — Society  of 
Engineers — and  of  which  an  abstract  will  be  found  at  par.  26, 
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p.  119  of  our  last  volume,  Mr.  Olrick  had  the  following  remarks 
on  this  point : — "  In  comparing  the  single-acting  Cornish  engine 
with  the  double-acting  engine  with  crank  and  flywheel,  it  was 
impossible  to  lay  down  a  rule  for  when  one  should  be  used  and 
when  the  other.  The  circumstances  in  each  individual  case  were 
to  be  considered,  but  still  it  must  be  remembered  that  a  double- 
acting  engine  would  do  about  three  times  the  work  of  a  i^ingle- 
acting  engine — that  was  for  the  same  size  and  weight — and  as  it 
used  steam  on  both  sides  of  the  piston,  and  worked  generally 
twice  as  fast  as  a  single-acting  engine,  hence  for  the  same  power 
was  much  more  economical  in  the  first  cost. 

''  It  had  been  said  by  Mr.  William  Pole,  and  illustrated  by 
Watt  at  an  early  period,  that  'there  was  no  theoretical  advantage 
in  whatever  form  of  engine  was  used,  whether  double  or  single 
cylinder,  as  regarded  economical  effect  of  expansion.  That  might 
be  or  not,  but  taking  it  for  granted  that  that  assertion  was  cor- 
rect, it  was  quite  a  different  thing  in  practice ;  that  Avas,  when 
the  expansion  excreded  three  or  four  times,  and  he  (Mr.  Olrick), 
maintained  that  where  an  expansion  of  nine  or  ten  times  was  re- 
quired, it  could  only  be  done  successfully  and  effectually  in  a 
double  cylinder  engine. 

"  By  taking,  for  instance,  a  double  cylinder  engine  with  nine 
times  expansion,  the  otherwise  tremendous  blow  of  the  high 
pressure  steam  on  the  large  piston  was  avoided  by  letting  the 
steam  first  into  the  small  cylinder.  From  thence  it  passed  into 
a  cylinder  of  three  times  the  area  of  the  small  one,  after  having 
been  cut  off  at  one-third  part  of  the  stroke,  thus  reducing  the 
high  pressure  steam  three  times  before  it  entered  the  lai-ger  cylin- 
der, and  consequently  there  was  the  same  total  steam  pressure  on 
both  pistons.  The  advantage  of  the  vacuum  acting  upon  a  much 
larger  piston  than  in  a  single  cylinder  engine,  made  amply  up 
for  the  back  pressure  against  the  small  piston. 

The  results  got  at  by  some  engineers  in  the  navy  of  the  United 
States,  that  there  was  not  only  no  gain  by  expansion,  but  even  a 
positive  loss,  contrary  to  the  experience  of  all  engineers  in  this 
country,  could  simply  be  accounted  for  by  their  experiments  be- 
ing carried  on  with  steam  ot  only  a  low  pressure,  by  the  steam 
not  being  in  any  way  superheated,  by  the  cylinders  not  being 
steam-jacketed,  or  otherwise  protected. 
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"  As  to  boilers,  it  was  a  well-known  fact  that  without  a  good 
boiler  the  utmost  amount  of  saving  could  not  be  effected  by  the 
engine  only.  They  knew  that  the  reason  why  Cornish  boilers 
were  so  efficient  in  Wales  was  because  they  were  made  two  or  three 
times  larger  than  in  other  places,  but  that  could  not  be  done  in 
a  town  like  London,  nor  could  the  system  be  carried  out  on  board 
ship.  He  then  referred  to  some  experiments  made  by  Mr.  John 
Elder,  of  Glasgow,  with  the  view  of  finding  out  the  temperature 
of  the  different  parts  of  a  Cornish  boiler,  which  was  33  ft.  long, 
and  5  ft.  6  in.  in  diameter,  with  two  internal  flues  of  19  in. 
diameter.  It  was  found  that  the  temperature  over  the  fire  was 
3200  deg.,  over  the  bridge  1730  deg.,  on  entering  the  centre 
flues  1163  deg.,  on  leaving  them  800  deg.  Thus  the  furnace 
of  a  9  square  ft.  per  horse  power  reduced  the  heat  1500  deg.,  the 
shell  of  boiler  of  18  square  ft.  per  horse  power,  600  deg.,  the  flues 
of  20  square  ft.  per  horse  power  only  350  deg.  It  would  thus 
appear  that,  although  there  was  a  large  amount  of  heating  sur- 
face, the  evaporative  power  was  very  inferior,  as  the  amount  of 
heat  taken  out  of  the  gases  was  very  small ;  the  conclusion  was, 
that  the  gases  passed  along  in  straight  lines,  and  only  the  thin 
strata  in  contact  were  cooled  down.  Only  6^  lbs.  of  water  was 
evaporated  per  pound  of  coal.  This  showed  that  our  land  boilers 
were  still  very  defective,  and  he  (Mr.  Olrick)  would  therefore  call 
the  attention  of  the  meeting  to  a  boiler  constructed  by  Mr.  Field, 
a  member  of  the  Society,  which,  for  instance,  for  a  boiler  of  100 
horse  power,  only  took  one-twenty-fifth  of  the  space  of  Cornish 
boilers  for  the  same  horse  power,  and  would  evaporate  nearly 
1 1  lb.  of  water  per  lb.  of  coal," 

At  the  same  discussion  Mr.  W.  T.  Carrington  gave  an  ac- 
count of  the  Pumping  Engine  at  Brooklyn  Water  Works,  and 
pointed  out  the  mistake  made  in  designing  and  erecting  it.  Of 
this  description  we  take  the  following : — 

"  In  the  original  design  of  the  engine,  it  was  intended  to  carry 
the  steam  in  the  boiler  at  a  pressure  of  from  25  to  30  lb.  per 
square  inch  above  the  atmosphere,  and  to  cut  it  off  very  short, 
expanding  about  eight  times;  the  cylinder  was,  therefore,  made 
large  enough  to  give  the  proper  average  pressure  for  that  measure 
of  expansion;  but,  upon  the  first  trial,  it  was  soon  ascertained 
that  the  engine  could  not  be  worked  with  a  greater  initial  pressui^e 
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on  the  piston  than  a  few  pounds  per  square  inch  above  the  atmo- 
sphere, and  that  instead  of  cutting  off  the  steam  at  one-eighth  the 
stroke  of  the  piston,  or  at  1 5  in.  from  its  commencement,  it  was  ne- 
cessary to  cut  it  off  at  six-tenths  of  the  stroke,  or  at  six  feet  from 
the  commencement.  Thus  not  only  was  all  the  imagined  benefit 
from  large  expansion  lost,  but  there  were  realized  all  the  serious 
disadvantages  of  using  a  cylinder  two  and  three-quarter  times  too 
large  for  the  work  it  had  to  perform.  By  using  an  initial  steam 
pressure  in  the  cylinder  of  25  lb.  per  square  inch  above  the  atmo- 
sphere, and  cutting  it  off  at  six  tenths  of  the  stroke  of  piston,  the 
work  done  by  the  90  inch  diameter  cylinder,  with  a  stroke  of  10 
feet,  would  have  been  performed  by  a  cylinder  of  the  same  stroke 
of  piston,  but  with  only  55  in.  diameter.  The  saving  would  not 
have  been  in  the  first  cost  alone,  but  equally  in  the  after  econo- 
my ;  for  as  the  friction  and  back  pressure  would  have  been  greatly 
reduced  in  per  centum  of  the  total  average  pressure,  and  as  the 
absolute  friction  and  condensation  of  steam  by  the  cylinder,  de- 
veloping equal  power,  would  have  been  less,  the  duty  would  have 
been  materially  increased. 

"  The  great  oversight  committed  was  the  failure  to  discern  the 
impossibility  of  using  steam  with  much  expansion  in  the  case  of 
a  pumping  engine,  pumping  by  the  steam  direct;  and  unprovided, 
by  a  large  mass  of  matter  on  the  steam  side,  to  be  put  in  motion 
at  the  commencement  of  the  stroke  of  piston,  and  brought  to  rest 
at  the  end  of  it.  If  we  suppose  the  matter  (other  than  the 
water)  set  in  motion  by  the  engine  to  have  no  weight,  and  the 
movement  of  the  watery  column  to  be  uniform,  then  the  steam 
pressure  on  the  piston  at  every  point  of  the  stroke  would  have  to 
remain  constant,  in  order  to  exactly  balance  the  water  load,  whose 
resistance  was  constant  and  unaffected  by  speed.  In  fact,  on  that 
hypothesis,  it  would  be  impossible  to  either  increase  or  decrease 
the  steam  pressure  above  that  equilibrium,  for  the  supply  of  more 
steam  would  only  accelemte  the  speed  of  piston,  without  increas- 
ing the  pressure  on  it,  and  a  decrease  of  the  pressure  on  the 
piston  by  closing  the  communication  with  the  boiler,  would  bring 
it  quickly  to  rest.  Under  these  conditions  it  would  be  imprac- 
ticable to  use  the  steam  at  all  expansively.  But  just  in  propor- 
tion as  matter  was  added  on  the  steam  side  could  the  initial 
pressure  be  increased  on  the  steam  piston  above  an  equilibrium 
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with  the  water  load ;  for  as  movement  had  to  be  given  to  that 
matter  in  addition  to  the  water  load,  and  endow  it  with  momen- 
tum, the  communication  between  the  boiler  and  cylinder  could 
be  closed,  and  the  steam  allowed  to  expand  as  far  below  the  pres- 
sure equilibriating  the  water  load  as  the  momentum  of  the  matter 
could  supplement,  until  the  point  was  reached  where  the  com- 
bined steam  pressure  and  momentum  were  in  equilibrium  with 
the  water  load.  In  a  pumping  engine,  therefore,  the  maximum 
degree  of  expansion  was  limited  by  the  momentum  of  the  matter 
set  in  motion  ;  the  greater  that  momentum  the  more  expansively 
could  the  steam  be  used.  In  a  word,  steam  could  be  used  ex- 
pansively only  by  advantage  being  taken  of  the  inertia  of  matter 
at  the  commencement  of  the  stroke  of  the  piston  and  of  its  mo- 
mentum at  the  end. 

"  In  the  Cornish  engines  employed  for  pumping  out  mines  the 
larger  weight  of  matter  required,  in  conjunction  with  the  piston's, 
to  give  the  necessary  momentum  for  expansions  of  even  three 
and  four  times,  was  obtained  from  the  great  length  of  pump-rod 
employed — extending  from  the  surface  of  the  ground  to  the 
bottom  of  the  mine.  If  the  depth  of  the  mine  did  not  furnish 
the  weight  for  the  desired  expansion,  it  had  to  be  obtained  by 
adding  it  for  that  special  purpose.  But  in  the  design  of  the 
Brooklyn  pumping  engine  that  essential  provision  was  ignored, 
and  an  expansion  of  eight  times  was  intended  with  conditions 
that  absolutely  prohibited  the  employment  of  any  expansion 
whatever.  The  consequence  was,  as  might  easily  have  been  pre- 
dicted, that,  when  put  in  operation,  it  presented  the  anomaly  of 
an  engine  fitted  with  a  momentarily  variable  expansion  gear  from 
which  great  economy  was  anticipated,  using  its  steam  necessarily 
almost  without  expansion.  That  defect,  after  being  practically 
developed,  was  attempted  to  be  made  good  by  the  addition  of 
about  eighteen  tons  of  cast-iron  in  the  circumference  of  two  semi- 
circles of  14^  ft.  extreme  diameter,  keyed  upon  a  shaft  receiving 
a  vibratory  movement  from  the  piston  rod  between  the  steam 
cylinder  and  lower  pump.  Those  semicircles  were  so  poised  that 
the  diameter  would  approach  the  horizontal  at  the  half  stroke, 
and  the  vertical  at  the  end  of  the  stroke,  in  order  to  give,  beside 
their  momentum,  the  greatest  possible  leverage  at  the  beginning 
and  end  of  the  stroke — the  first  for  increasing  the  initial  steam 
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pressure  in  the  cylinder,  and  the  last  for  compensating  the  de- 
creased steam  pressure  by  the  expansion." 

50.  Single  and  Double  Cylinder  Engines. — "  A  considerable 
difference  of  opinion,"  says  a  writer  in  the  "  Mechanics'  Maga- 
zine," "still  exists  among  engineers  as  to  the  respective  merits 
of  single  and  double  cylinder  engines,  and  the  evidence  adduced 
on  either  side  is  of  a  somewhat  contradictory  nature.  Without 
attempting  arbitrarily  to  decide  the  vexed  question,  we  may 
venture  a  few  remarks  upon  it,  and  then  leave  it  for  further  dis- 
cussion among  our  practical  engineering  readers.  Prima  facie  it 
does  not  appear  that  there  can  be  very  much  difference  between 
the  expansion  and  condensation  of  steam  in  one  or  in  two  cylin- 
ders, supposing  the  latter  to  be  on  the  combined  high  and  low 
pressure  system.  It  would  seem  that  the  gross  amount  of  power 
obtained  from  a  given  quantity  of  steam  expanded  in  each  form 
of  engine  is  the  same  in  both  cases.  Certainly  the  power  ex- 
erted at  the  starting  point  is  identical.  There  is  not  more  blow 
upon  the  crank  pixi  on  the  engine  first  taking  steam  in  the  one 
case  than  in  the  other,  if  we  except  a  slight  decrease  of  pressure 
which  necessarily  ensues  in  the  double  cylinder  engine  by  the 
expansion  of  steam  in  its  passage  from  the  high  to  the  low  pres- 
sure cylinder.  And  this  is  compensated  for  by  a  corresponding 
decrease  of  back  pressure  on  the  high  pressure  piston,  the  differ- 
ence being  the  decrease  of  pressure  consequent  upon  the  relative 
areas  of  the  two  pistons.  In  the  single  cylinder  engine  the  full 
pressure  of  steam  acts  upon  the  piston  prior  to  the  cut-off,  and 
decreases  from  that  to  its  minimum  at  the  end  of  the  stroke.  A 
considerably  different  effect  is  produced  in  the  case  of  the  com- 
bined engine,  for  at  the  commencement  of  the  stroke  the  force 
of  the  steam  in  the  high  pressure  cylinder  is  balanced  by  the 
back  pressure,  minus  the  passage  expansion  before  alluded  to. 
As  soon,  how3ver,  as  the  piston  moves,  the  pressure  decreases  in 
the  low  pressure  cylinder  instead  of  remaining  the  same  through 
a  given  portion  of  the  travel,  and  the  back  pressure  on  the  high 
pressure  piston  diminishes  in  the  same  ratio.  The  high  pressure 
cylinder  would  do  less  work  if  the  same  force  of  steam  were  ap- 
plied to  it  on  account  of  its  smaller  capacity.  Hence  arises  a 
gradual  diminution  in  the  sum  of  power  obtained  from  the  two 
pistons  from  the  beginning  to  the  end  of  the  stroke.     The  power 
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which  is  sacrificed  immediately  on  the  starting  of  the  smaller 
piston  is  partially  compensated  for  by  a  gain  towards  the  end  of 
the  stroke,  for  there  is  obtained  the  maximum  power  of  the  high 
pressure  cylinder  added  to  the  minimum  of  that  of  the  low  pres- 
sure cylinder."     .... 

After  entering  into  some  calculations  respecting  the  working 
of  high  and  low  pressure  engines  with  steam  of  equal  pressure, 
the  writer  concludes  thus : — "  Hence  it  would  appear  that  a  single 
cylinder  is  calculated  to  do  a  larger  amount  of  duty  with  the 
same  consumption  of  fuel,  but  that  it  does  not  distribute  its 
power  so  equably  as  two  cylinders.  For  pumping  and  many 
cognate  purposes  the  latter  arrangement  therefore  may  be  deemed 
best ;  but  where  variations  in  the  speed  of  machinery  to  be  driven 
are  of  little  moment,  undoubtedly  the  single  cylinder  engine  is 
the  most  advantageous  motor.  The  questions  of  imperfect  va- 
cuum and  of  loss  of  pressure  in  expansion  consequent  on  changes 
of  temperature  have  not  been  considered  in  the  foregoing  re- 
marks, because  the  relative  merits  of  the  two  kinds  of  engine 
would  not  be  affected  appreciably  by  them." 

51.  Notes  on  Slide   Valves. — We  take   the   three   folio  win  <t 

o 

articles  from  the  "  Scientific  American :  "* — 

(a.)  How  to  Set  a  Slide  Valve. — "  In  all  the  works  on  steam 
engines  which  have  been  written  we  do  not  remember  to  have 
seen  any  account  of  the  manner  in  which  a  slide  valve  is  set,  and 
we  have  had  frequent  inquiries  from  young — and  must  we  say  it — 
old  engineers,  who  confessed  they  did  not  know  much  about  it. 
It  seems  strange  that  any  person  should  have  charge  of  a  steam 
engine  and  be  unacquainted  with  this  simple  duty,  yet  it  is  a 
fact  indisputable.  Many  an  hour  locomotives  have  stood  on  the 
tract  helpless  from  the  slipping  of  an  eccentric,  which  the  driver 
was  unable  to  replace ;  and  mischievous  comrades  have  oftentimes 
designedly  loosened  set  screws,  (in  the  early  days  when  screws 
alone  held  the  wheel  in  place,)  so  as  to  cause  confusion  and  subse- 
quent dismissal,  to  the  incompetent  driver  who  could  not  reset  it. 

"  There  are  indeed  no  lack  of  rules  in  engineering  works  which 
direct  us  to  set  the  eccentric,  something  in  this  way  : — 

*  The  reader  interested  in  this  important  department  of  mechanical 
engineering  will  find  full  directions  as  to  setting  valves  in  the  'Working 
Drawings  of  Engineering  and  Machine  Making.'  A  Fullarton  and  Co. 
London  and  Edinburgh. 
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"  'Place  the  crank  in  the  position  corresponding  to  the  end  of  the 
stroke  (why  not  say  on  the  centre  1)  Draw  the  transverse  centre 
line  answering  to  the  centre  line  of  the  crank  shaft  on  the  bed 
plato  of  the  engine,  or  on  the  cylinder,  if  the  engine  be  direct 
acting,  describe  a  circle  of  the  diameter  of  the  crank  pin  on  the 
large  eye  of  the  crank  and  mark  off  on  either  side  of  the  trans- 
verse line  a  distance  equal  to  the  semidiameter  of  the  crank  pin ; 
from  the  point  thus  found  stretch  a  line  to  the  edge  of  the  circle 
described  on  the  large  eye  of  the  crank  and  bring  round  till  the 
pin  touches  the  stretched  line.  When  the  crank  is  thus  placed 
at  the  end  of  the  stroke  the  valve  must  be  adjusted  so  as  to  have 
the  amount  of  lead  or  opening  on  the  steam  side  which  is  in- 
tended to  give  at  the  beginning  of  the  stroke,  and  the  eccentric 
must  then  be  turned  around  upon  the  shaft  until  the  notch  in 
the  eccentric  rod  comes  opposite  to  the  pin  on  the  valve  lever 
and  falls  into  gear ;  mark  the  situation  of  the  eccentric,  and  put 
on  the  catches  in  the  usual  way,  etc' 

"  This  long  and  incomplete  instruction  is  from  Bourne's  Cate- 
chism of  the  Steam  Engine,  and  we  are  sorry  to  say  omits  one 
very  important  thing,  so  that  it  would  be  impossible  to  set  a 
valve  by  this  method.  The  omission  is  in  getting  the  length  of 
the  eccentric  rod  at  the  outset.  Without  further  criticism  or 
discussion,  we  shall  explain  how  an  eccentric  is  set. 

"  Presuming  the  proportions  properly  made  by  the  draughtsman 
at  the  shop,  the  first  thing  is  to  find  the  length  of  the  rod. 

"  Put  the  straps  on  the  eccentric,  and  connect  the  valve  gear  as 
in  working  order.  Disconnect  the  engine  and  slip  the  eccentric 
around  on  the  shaft,  and  observe  what  takes  place  in  the  steam 
chest.  Doubtless  the  valve  will  uncover  one  port  clear  to  the 
exhaust  while  the  other  is  entirely  or  nearly  shut.  This  shows 
the  rod  to  be  too  long  or  too  short  as  the  case  may  be.  If  the 
port  nearest  the  crank,  in  a  horizontal  engine,  is  wide  open  and 
the  other  port  shut,  the  rod  is  too  long,  and  must  be  shortened 
half  the  dilference  only.  We  say  lialf  the  difference,  because  it 
must  be  remembered  that  what  is  taken  off  one  end  is  put  on  the 
other,  so  that  the  real  amount  the  rod  is  shortened  will  be  seen 
in  a  complete  revolution. 

"  When  the  valve  '  runs  square,'  as  it  is  called,  or  opens  and 
shuts  tlie  ports  properly,  set  the  wheel  as  in  this  diagram. 


Steam  Engines.]      NOTES  ON  SLIDE  VALVES. 

Fig.  15. 


176 


"  The  eccentric  is  always  in  this  position  in  every  instance, 
whether  the  engine  be  vertical,  horizontal,  or  inclined,  and  the  in- 
tervention of  levers  between  it  and  the  valve  makes  no  difference 
in  relation  to  the  crank  itself.  The  wide  part  of  the  eccentric 
and  the  crank  are  always  at  right  angles  to  each  other,  excepting 
such  departure  from  a  right  angle  as  the  lead  and  lap  take  off. 

"  The  diagram  represents  an  eccentric  without  lead  working  a 
valve  without  lap.  Such  a  coincidence  seldom  obtains  in  prac- 
tice, and  the  true  position  of  the  eccentric  is  shown  by  the  dot- 
ted line,  a ;  this  indicates  that  the  eccentric  is  turned  on  the 
shaft  towards  the  crank,  thus  pulling  open  the  port  behind  and 
driving  the  crank  in  the  direction  of  the  arrows.  If  levers  are 
intervened  to  reverse  the  motion  of  the  eccentric  the  crank  would 
go  the  other  way.     We  are  speaking  of  a  direct  connection. 

"  It  will  be  easily  understood  why  the  eccentric  is  always  in 
this  position,  when  it  is  borne  in  mind  that  the  eccentric  must 
commence  to  open  the  valve  a  little  before  the  crank  gets  to  the 
centre.  In  other  words,  the  eccentric  must  commence  its  stroke 
a  little  a- head  of  the  crank. 

AN  IMPROPERLY  SET  VALVE. 

'*  Here  is  a  drawing  of  an  improperly  set  valve.  It  is  not 
drawn  to  scale,  but  is  none  the  less  a  correct  example.  It  will  be 
seen  that  the  crank  has  passed   the  centre   and  commenced  the 


176 


ENGINEEIIING  FACTS. 


[Div.  111. 


..eturu  stroke,  but  there  ie  no  '-d  ^  ^^^ c^'^^^^^^^ 
at  the  port  nearest  to  *!>«  -nk  and  Wore  the^^^  .  ^  ^^P 

centre  there  ^"=^,^^7  .  ^kT  The  sLm  was  shut  up  in  the 
at  the  forward  end  of  the  ^'™'^^.  y    i„ereased  thereby, 

cylinder,  and  its  ^'^"^'""j;,  tuw  |i  covered  in  some  experi- 
Steam,  hke  other  gf  e^'  """T ^  T^^  Mariotte.  According  to 
xnents  by  a  French  Pl^^^f  ."^''^'^^^^^^^  „p  in  a  cylinder  six 

this  authority,  it  steam  at  60  pounds  be^shu     p  ^^^  ^ 

inches  long  and  the  piston  in  =,aid  cylinaer        p 
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three  inches,  the  volume  will  be  reduced  one  half  and  the  pres- 
sure will  have  been  raised  to  double  or  120  pounds. 

"  So  when  the  exhaust  closes  too  soon,  say  at  six  inches  from 
the  end  of  the  stroke,  when  the  crank  is  on  the  centre  the  pres- 
sure will  be  in  proportion  to  the  amount  of  cushioning  or  com- 
pression. There  are  many  engines  working  in  this  condition  to- 
day ;  should  they  not  be  attended  to  ? 

"  Setting  the  valve  with  a  link  motion  is  precisely  the  same 
operation ;  the  eccentric  stands  exactly  as  shown  in  the  diagram. 
There  is  only  this  difference — the  lead  is  somewhat  disturbed  by 
the  action  of  the  eccentric  rod  which  is  not  in  gear,  whether  it 
be  the  forward  or  back  connection.  This  derangement  causes  some 
change  in  the  lead  when  cutting  off  at  low  grades  of  expansion ; 
and  it  is  necessary  to  take  this  into  account  when  setting  the 
valves.  The  lead  should  be  given  properly  on  the  point  the  en- 
gine is  to  work  at,  for  since  the  lesser  rates  of  expansion  are  only 
used  on  emergency,  it  matters  little  whether  they  are  correct  or 
not." 

(b)  The  Pressure  on  a  Slide  Valve. — "  It  is  a  popular  idea 
that  the  number  of  square  inches  in  the  back  of  a  slide  valve, 
and  the  pounds  of  steam  in  the  chest,  represent  the  total  pressure 
upon  the  valve.  Another  delusion  is,  that  the  pressure  on  a  slide 
valve  is  equal  to  the  pounds  of  steam  per  square  inch  on  the 
back,  minus  the  area  of  the  steam  ports.  If  we  consider  the 
valve  to  be  a  solid  block  of  iron  on  a  solid  table,  and  mechani- 
cally tight,  the  steam  would  press  on  every  square  inch  of  sur- 
face with  the  same  force  that  a  dead  weight  laid  upon  it  would. 
But  these  conditions  are  never  found  in  a  slide  valve,  except  in 
one  position ;  that  one,  when  the  valve  laps  over  both  ports,  and 
the  engine  is  at  rest. 

"  So  soon,  however,  as  the  valve  is  moved  the  steam  enters  the 
open  port,  and  the  pressure  is  practically  taken  off  that  end  of  it. 
When  the  valve  is  moved  back  over  the  port,  the  steam  that  is 
shut  up  within  the  cylinder  will  press  up  against  the  under  side 
of  the  valve  face  with  a  force  exactly  equal  to  the  pressure  at  the 
point  in  the  stroke  of  the  piston  at  which  the  valve  closed.  As 
the  valve  continues  its  stroke  the  other  port  will  be  opened,  and 
the  steam  we  have  supposed  shut  up  in  the  cylinder  begins  to 
exhaust;  at  this  time,  the  pressure  against  the  under  side  of  the 
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valve  will  be  the  pressure  in  the  cylinder  at  the  end  of  the  stroke. 
This  pressure  is  only  for  a  brief  period,  however,  for  in  a  well 
constructed  engine  the  time  of  exhausting  the  contents  of  the 
cylinder  is  very  short.  While  the  steam  is  entering  the  open 
port,  then,  and  after  the  exhaust  has  passed  through  the  closed 
port,  the  pressure  on  the  under  side  of  the  valve  will  be  just  the 
ordinary  back  pressure,  supposing  the  engine  to  be  non-condens- 
ing— which  is  the  supposition  we  have  entertained  in  this  dis- 
cussion. 

"  It  is  therefore  unquestionable  that  to  determine  the  pressure 
on  a  slide  valve  we  must  consider  the  pressure  in  the  cylinder  at 
the  time  of  cutting  off,  at  the  end  of  the  stroke,  the  area  of  the 
ports,  the  area  of  the  back,  and  the  back  pressure  on  the  piston." 

(c)  Balanced  Slide  Valves. — "  A  serious  objection  to  the  use 
of  slide  valves  is  the  great  power  absorbed  in  operating  them. 
When  this  detail  of  the  steam  engine  is  of  any  considerable  size 
the  evil  increases  to  an  injurious  extent,  so  that  the  force  required 
to  work  the  valve  is  a  large  per-centage  of  the  whole  power  of 
the  engine.  Indeed,  it  is  not  unusual  to  see  slide  valves  which 
have  an  area  closely  approximate  to  the  total  number  of  square 
inches  on  the  piston,  and  if  the  nature  of  the  work  to  be  done 
were  similar  in  both  cases,  the  pressure  on  the  piston  would  be 
balanced  by  that  on  the  valve,  and  the  engine  would  not  move. 

"  The  result  of  this  great  labour  on  one  part  of  the  engine  is 
followed  by  the  rapid  wear  of  everything  connected  to  or  with  it. 
The  eccentric  straps  of  screw  propellers  are  often  made  of 
wrought  iron  and  bushed  heavily  with  brass,  so  as  to  withstand 
the  strain  and  to  avoid  heating  caused  by  the  excessive  friction. 
The  rock  shafts  are  made  unusually  heavy,  the  valve  stems  much 
stouter,  the  journals  larger  and  longer,  and  in  fact  each  detail  is 
very  greatly  enlarged  so  that  it  may  be  capable  of  performing  the 
task  assigned  to  it.  Thus  a  larger  amount  of  material  is  used 
than  is  needful,  an  increase  in  the  cost  of  construction  is  appa- 
rent, expense  in  lubricating  and  repairs  ensue,  and  the  whole 
system  is  not  only  defective  from  an  engineering  point  of  view, 
but  vexatious  in  its  commercial  aspect. 

"  Aside  from  this  defect,  the  slide  valve,  when  properly  made, 
is  one  of  the  simplest  and  most  effective  ever  invented  for  its 
office.     If  there  were  no  remedies  for  the  disease  spoken  of  pre- 
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viously,  the  adoption  of  the  slide  valve,  beyond  certain  areas, 
would  be  discouraged,  but  since  the  ingenuity  of  man  has  pro- 
vided a  way  of  escape,  it  is  singular  that  so  few  interested  par- 
ties avail  themselves  of  it. 

"  If  we  were  temporarily  made  a  power  from  which  there  could 
be  no  appeal,  we  should  immediately  fulminate  an  edict  against 
parties  using  sHde  valves,  and  command  them,  on  pain  of  large 
annual  repairs,  and  manifest  deterioration  of  their  property,  to 
apply  some  method  whereby  the  pressure  of  the  slide  valve  would 
be  reduced  to  a  rational  amount ;  no  greater  than  that  due  to 
the  work  required  of  it 

"^Tien  the  first  invention  to  relieve  the  excessive  friction  of 
the  valves  was  brought  out  it  was  a  step  in  the  right  direction, 
but  the  attempts  to  introduce  this  valuable  improvement  have 
met  with  very  little  encouragement  from  those  most  interested- 
In  the  cases  of  large  screw  propellers  which  have  engines  work- 
ing at  high  speeds  it  is  absolutely  necessary  to  divide,  or  take  off 
the  pressure  on  the  valve  face.  Different  methods  have  been 
adopted  to  do  this.  One  of  the  simplest  for  low  pressure  en- 
gines is  that  invented  by  Messrs.  Penn,  of  England  This  con- 
sists in  planing  the  back  and  face  of  the  valve  parallel,  and  plac- 
ing a  brass  ring  between  the  back  and  steam  chest  bonnet,  so  that 
the  junction  is  steam  tight.  This  ring  covers  only  a  portion  of 
the  area  of  the  back,  and  therefore  excludes  the  steam  pressure 
from  that  area.  A  connection  is  maintained  with  the  space  in- 
side of  the  ring  and  the  condenser,  which  materially  aids  in  re- 
storing the  balance,  or  reducing  the  friction  of  the  valve  on  its 
face. 

"  A  striking  effect  of  the  utility  of  this  contrivance,  so  far  as 
relieving  the  pressure  is  concerned,  was  witnessed  by  engineers 
on  the  ItaHan  frigate  Re  d Italia.  The  condenser  communication 
was  shut  off  when  the  valves,  stems  and  rods,  although  of  ample 
dimensions,  trembled  violently,  showing  that  the  resistance  to  mo- 
tion was  very  great.  On  restoring  the  connection  the  valves  re- 
sumed their  previous  easy  movement 

"Another  method  is  to  attach  a  steam  cylinder  to  the  steam 
chest.  In  this  cylinder  there  is  a  piston  which  the  main  valve 
is  connected  to  by  links ;  when  the  steam  is  let  into  the  chest  it 
presses  equally  on  the  valve  and  the  piston,  between  the  two,  so 


ENGINEEEING  FACTS. 


[Div    III. 


180 

that  the  pressure  is  taken  off  the  valve  in  the  ratio  of  the  differ- 
ence between  its  superficies  and  that  of  the  piston.  The  p  ton 
has  a  slight  reciprocating  movement  to  compensate  for  the  s  roke 
of  the  valve.  Vacuum  may  he  maintained  on  the  bacK  of  the 
piston,  so  that  by  the  combined  force  of  the  steam  and  the  ab- 
sence oi  back  pressure  on  the  piston  the  valve  may  be  actually 
puM  off  its  seat.  It  is  impossible  to  detail  all  the  ingenious 
and  practical  devices  for  this  purpose,  but  it  is  manifestly  proper 
that  they  should  be  universally  adopted. 

(d)  llproved  Balanced  Slide  Valve.-"The  enormous  absorb 
tion  of  power  by  the  slide  valve  is  the  greatest  objection  to  its 
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use.  Engineers  of  experience  know  well  how  to  construct  a  valve 
that  shall  work  properly  as  to  the  times  of  opening  and  closing 
the  ports,  and  the  relation  between  the  steam  lead  and  the  ex- 
haust lead,  and  all  are  agreed  that  an  efficient,  simple  and  durable 
arrangement  for  equalizing  the  pressure  on  the  valve  face  is  ex- 
ceedingly desirable.  The  friction  of  cast-iron  sliding  on  cast 
iron,  unlubricated,  according  to  Rennie's  experiments,  is  15  of 
the  weight  up  to  100  pounds  pressure  per  square  inch.  From 
this  estimate  we  can  readily  see  what  amount  of  work  is  ex- 
pended in  merely  moving  the  valve  over  the  face  to  let  the  steam 
in  and  out. 

"  In  the  engravings  published  herewith,  we  have  a  represen- 
tation of  a  new  method  of  balancing  a  slide  valve.  No  springs, 
gears,  or  steam-tight  joints  or  levers  are  interposed  between  the 
valve  and  cover,  but  it  is  of  the  ordinary  form  in  its  general 
features. 

"  Two  valves  are  joined  together  at  the  back,  as  in  the  isolated 
view,  and  the  ports  are  made  double,  so  that  there  are  two 
valves  and  two  valve  faces  in  the  chest,  instead  of  one,  as  here- 
tofore.    These  ports  are  constructed  as  shown  in  the  section. 

"  The  valve  faces  being  inclined,  shed  any  dirt  or  sediment 
that  may  chance  to  drop  upon  them  or  be  carried  over  from  the 
boiler  by  priming,  and  from  being  inclined  they  wear  steam  tight, 
top  and  bottom,  the  degree  or  angle  being  suited  to  equalize  the 
wear.  The  steam  passes  between  the  two  valves,  as  shown  by 
the  arrow  in  the  section,  and,  pressing  equally  against  both  sides, 
causes  the  valves  to  work  freely,  and  yet  steam  tight,  against  the 
face." 

52.  Foundations  of  Engines. — In  a  paper  on  this  important 
subject,  in  the  "  Mechanics'  Magazine,"  under  date  January 
6th,  1865,  we  find,  amongst  other  remarks,  the  following  : 
— "  Foundations  or  structures  of  brickwork  for  engines  are 
subjected  to  various  strains.  In  beam  engines  compression 
and  tension  are  equal,  but  rigidity  in  this  case  is  the  most  im- 
portant to  maintain.  The  amount  of  loading,  or  brickwork 
underneath  the  cylinder,  is  regulated  by  the  pressure  of  the 
steam  and  area  of  the  cylinder.  Should  the  least  disturbance 
of  the  foundation  take  place,  the  perpendicular  line  of  the 
cyhnder  will  be  greatly  affected,  particularly  when  the  piston  is 
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at  the  top  of  the  cylinder,  or  at  the  full  stroke.  Securing  the 
cylinder  on  its  bed  is  also  one  of  the  vital  operations  which 
regulates  the  correct  working  of  the  engine.  The  brickwork 
should  in  every  case  be  allowed  to  settle  equally,  and  be  loaded 
for  a  time  to  ensure  a  perfect  compression.  It  is  the  general 
rule  to  introduce  bond-timbers  to  receive  the  bolt-keys  and 
plates ;  but,  undoubtedly,  the  better  and  stronger  material  for 
that  purpose  would  be  cast-iron,  in  the  form  of  a  frame  built 
within  the  brickwork.  When  bond-timbers  are  laid  separately, 
each  side  piece  is  independent  of  the  one  opposite  it,  whereas, 
with  the  cast-iron  frame,  the  entire  resistance  would  be  equally 
distributed  throughout,  and  being  connected,  or  in  one  mass, 
each  point  of  resistance  is  counteracted.  It  may  be  argued  that 
a  wooden  frame  would  accomplish  the  same  object  as  an  iron 
one.  Granted  for  a  time,  but  rigidity  and  durability  are  not  so 
fully  developed  in  the  products  of  the  vegetable  as  in  the 
mineral  kingdom.  The  writer  has  known  instances  where  the 
entire  loadings  of  large  engines  have  been  built  on  wooden 
floorings,  in  order  that  the  resistances  might  be  distributed 
equally.      This  was  correct  in  principle,  and  in  practice  has  been 

found  to  be  advantageous In  building  the  engine-house, 

it  is  often  the  rule  to  construct  the  loading  and  walls  in  con- 
nection with  each  other,  in  order  to  ensure  rigidity.  This,  bow- 
ever,  entails  a  mass  of  brickwork,  &c.,  which,  by  adopting  the 
tubular  foundation  and  loading,  would  be  greatly  reduced,  and 
the  required  strength  ensured,  by  the  addition  of  the  concrete, 
as  well  as  by  the  peculiar  form  of  the  structure.  Stones  of 
large  sizes  are  usually  used  for  the  bed  of  the  cjdinder  bottom  or 
plate.  In  some  cases  they  are  connected  by  wrought-iron 
clamps,  to  preserve  a  solid  and  even  surface. 

"  The  holes  for  the  holding-down  bolts  are  often  made  large, 
so  that  their  fitting  the  bed-plate  may  be  ensured.  The  use  of 
the  key  or  hand  holes  below  the  loading  is,  as  well  known,  for 
the  purpose  of  allowing  the  bolts  to  be  withdrawn  when  re- 
quired, in  case  of  breakage ;  but  this  accident  rarely,  if  ever, 
occurs.  The  gain  in  the  accessibility  to  disengage  the  lower  end 
of  the  bolt  when  required,  is  attended  with  the  requisition  of 
extreme  tightening,  so  as  to  preserve  a  rigid  connection.  The 
bolt  being  fixed,  or  bearing  at  each  extremity,  requires  a  greater 
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strain  on  it  than  when  firmly  secured  the  whole  of  its  length. 
There  is  no  natural  law  to  prevent  bolts  being  secured  in  the 
cast-iron  or  wooden  frame  below  the  loading  in  their  respective 
positions,  so  that  the  upper  or  top  ends  will  fit  the  holes  pre- 
pared in  the  bed-plate,  a  template  of  which  might  be  used  during 
the  erection  of  the  loading.  The  structure  would  then,  if  the 
bolts  were  taper,  secure  them  more  rigidly.  The  doubt  may  now 
arise,  whether  the  exact  position  of  the  bolts  can  be  maintained 
during  the  settling  of  the  structure  ;  the  answer  to  this  is, — pro- 
perly secure  the  template,  so  that  no  disturbance  can  affect  their 
true  positions.  The  next  portion  of  this  subject  of  vital  im- 
portance is  the  securing  the  bed-plate  of  the  cylinder.  "When 
the  plate  is  secured  direct  on  the  stone  or  brickwork,  it  often 
happens  that,  in  screwing  or  tightening  the  nuts,  the  original 
level  of  the  plates  is  destroyed,  and  cases  have  been  known 
where  great  difficulties  have  arisen  to  remedy  the  deviation 
alluded  to. 

"  In  cast-iron,  cohesion  is  more  fully  developed  than  in  stone. 
"We  find,  on  securing  iron  to  stonework,  the  latter,  with  great 
compression,  scales  or  crumbles  under  its  superior  ally.     Also  in 
the  case  of  looseness  of  contact  with  constant  movement.     To 
obviate  these   casualties,   the  better  plan  would  be  to  employ 
cast-iron  in  the  place  of  stone.     It  may  be  argued  that,  as  the 
stronger  and  harder  material  still  rests  on  that  of  the  weaker 
nature,  the  evils  alluded  to  still  exist.     This,  however,  is  obvi- 
ated by  the  application  of  the  materials  employed.      The  cast- 
iron  top   frame  should  be  so  shaped  that  portions   of  it  are 
embedded  in  the  structure  or  loading.     Area  of  surface  in  this 
case  being  required  to  maintain  rigidity,  the  provisions  on  the 
frame  for  the  reception  of  the  cylinder  bottom  should  be  chipped 
and  filed  to  their  required  state  after  the  holding-down  nuts  and 
bolts  are  finally  secured ;  by  this  means  exactitude  is  ensured, 
without  the  fear  of  deviation.     Another  gain  in  the  use  of  the 
top  frame  is,  that  as  cylinder  bottoms  are  turned  and  faced  to 
receive  the  flange  on  the  cylinder,  adjustment  by  chipping  is 
impracticable  to  ensure  a  perfect  steam  joint.     Enough  has  now 
been  said  to  evince  proofs  that  scientific  principles  require  as 
much  observation  in  the  construction  of  foundations  of  engines 
as  for  their  manufacture. 
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"  Horizontal  engines  are  usually  on  a  smaller  scale  than  those 
of  the  beam  kind.  The  usual  shape  of  the  foundation  of  an 
horizontal  engine  is  a  parallelogram  in  plan.  As  for  beam 
engines,  piling  and  concrete  should  be  resorted  to,  to  retain  a 
firm  surface  for  building  on.  The  strains  imposed  by  direct 
acting  horizontal  engines  are  not  so  intense  as  those  of  the  beam 
kind.  In  the  latter,  if  the  division  of  the  versed  sine  of  the 
travel  of  the  beam  is  not  exact,  the  distance  of  the  centre  of 
motion  to  the  base  of  the  loading  acts  as  a  lever  to  disturb  the 
perpendicular  line,  but  in  the  horizontal  engine  the  strains  are 
more  of  a  longitudinal  than  perpendicular  nature.  Certainly  the 
centrifugal  force  of  the  fly-wheel  tends  to  lift  the  foundation,  but 
this  can  be  counteracted  by  an  increase  of  weight  of  loading 
under  the  centre  of  the  crank  shaft.  The  main  frame,  or  bed- 
plate, in  most  cases,  is  in  one  casting ;  consequently,  the  area  of 
the  surface  in  contact  with  the  brick  or  stonework  is  more  than 
that  for  the  beam  engine  in  relation  to  the  nominal  power.  Also, 
in  the  case  of  the  horizontal  engine,  the  cyhnder  guides  and 
main  bearings  for  the  crank  shaft  are  on  one  frame ;  hence  no 
deviation  can  ensue  without  distortion,  which  can  only  be  effected 
by  the  uneven  tightening  of  the  nuts  of  the  holding-do^vn  bolts. 
To  obviate  this,  care  should  be  taken  to  turn  each  nut  at  the 
same  time.  The  holding-down  bolts  should  be  secured  in  the 
lower  frame,  and  built  in  the  brickwork.  Those  for  the  crank 
end  are  longer,  due  to  the  increased  depth  of  the  loading,  the 
lower  frame  being  made  to  suit." 

53.  On  Piston  Packing. — We  find  in  the  "Scientific  American" 
the  following  remarks : — "  When  the  first  pistons  to  steam 
engines  were  made,  they  were  made  tight  by  hemp  gaskets, — 
that  is,  coils  of  hemp  plaited  with  rope  thoroughly  slushed  or 
soaked  in  hot  tallow,  and  subsequently  driven  in  as  tight  as  a 
man  striking  with  a  sledge  could  make  them.  It  was  a  great 
step  in  advance  when  cast-iron  rings  were  substituted  for  the 
hemp  and  steel  springs  inserted  to  keep  the  rings  always  up  to 
the  cylinder.  Quite  as  much  ingenuity  and  thought  have  been 
expended  on  the  pistons  of  steam  engines  as  upon  any  other 
detail,  and  the  variety  in  shape,  form,  and  kind  of  packing, 
would  make  an  interesting  study  for  the  engineer  if  they  were 
all  collected  in  book  form.     The  pistons  of  ocean  steamers,  for 
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instance,  have  lighter  springs  than  many  small  engines,  and  are 
not  packed  so  tight,  by  many  degrees  pressure,  in  proportion  to 
their  areas,  as  some  engines  on  land.  There  are  few  stationary 
engines  in  the  country  which  will  pass  the  centres  with  two  or 
three  pounds  pressure  on  the  gauge,  but  there  are  plenty  of  steam- 
boats that  have  engines  which  will  do  this  with  ease. 

"  It  was  formerly  the  custom  to  pack  locomotive  cylinders  with 
brass  rings,  which  had  a  central  lining  of  Babbitt  metal  let  in. 
This  also  is  done  away  with,  and  the  largest  works  and  the 
heaviest  engines  on  the  Erie  railroad,  and  others,  for  aught  we 
know,  have  cast-iron  rings. 

"In  many  instances  pistons  have  been  used  without  any 
packing  in  them — being  simply  solid  disks  fitting  tightly,  yet 
easily,  to  the  bore.  Some  concession  has  been  made  to  pre- 
judices and  conventional  ideas  by  turning  grooves  in  the  solid 
piston,  and  depending  on  the  partial  condensation  of  the  steam 
to  fill  these  grooves  with  water,  and  thus  interpose  an  obstacle 
to  the  passage  of  steam  between  the  piston  and  cylinder.  It  is 
probable  that  the  evil  of  a  leaky  piston  has  been  much  exag- 
gerated, for,  although  it  will  show  on  the  indicator  diagram  when 
very  much  out  of  repair,  it  is  a  question  whether  any  great 
amount  of  fuel  is  wasted  by  such  a  loss.  There  is  no  question, 
however,  but  that  much  damage  is  done  to  steam  cylinders  by 
bad  packing,  and  many  can  testify  to  the  scored  and  seamed 
cylinders  that  were  made  so  by  forcing  in  the  springs. 

"  Air  pumps  have "  been  made  for  compressing  air  with  solid 
pistons,  and,  reasoning  from  analogy,  there  seems  no  objection  to 
making  the  pistons  of  steam  engines  of  a  moderate  diameter  of 
cylinder  entirely  solid  ;  in  fact,  many  are  now  working  so  made, 
and  those  who  built  them,  as  well  as  the  owners,  find  no  fault 
with  their  performance.  On  the  contrary,  rings  are  frequently 
a  source  of  trouble,  and,  taken  altogether,  with  their  springs, 
followers  and  follower  bolts,  the  piston  with  metalUc  packing  is 
a  costly  detail.  If  lessening  the  cost  of  construction,  and  re- 
taining the  vital  qualities  of  any  part,  is  an  important  feature, 
then  the  pistons  of  small  steam  engines  should  be  made  solid." 

54.  Piston  Rod  Guides. — We  follow  up  the  remarks  in  last 
paragraph  by  extracts  from  a  paper  with  this  title,  given  under 
date  September  29,  1865,  in  the  "Mechanics'  Magazine."     For 
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what  the  writer  gives  on  other  points  not  noted  here  we  refer  the 
reader  to  the  article  itself : — "  With  vertical  engines  guides  are 
imperative,  unless  the  parallel  motion  be  again  introduced,  which 
may  be  said  to  be  too  complicated  for  pistons  moving  at  high 
speeds.  The  many  kinds  of  guides  for  engines  of  this  class  are 
all  the  same  in  principle  of  action,  that  is,  they  retain  the  per- 
pendicular motion  of  the  rod.  Some  makers  prefer  a  circular 
guide,  in  fact,  a  prolongation  of  the  piston  rod,  the  same  working 
in  an  eye  or  bush.  There  is  great  objection  to  this  arrangement, 
owing  to  the  fact  that  the  strain  on  the  rod  at  each  half  stroke  of 
the  piston  tends  to  deflect  the  rod  of  the  same,  owing  to  the  fixed 
locality  of  the  guide.  Another  mode  is  to  prolong  the  rod  as 
before,  but  with  a  separate  portion  on  one  side  of  the  crosshead, 
the  pin  for  the  connecting  rod  being  on  the  opposite  side  of  the 
centre  line.  The  guide  in  this  example,  as  in  the  last,  is  fixed, 
but  the  piston  rod  is  between  the  centres  of  action  of  the  guide 
and  connecting  rods.  It  is  obvious  that  with  this  arrangement 
the  strains  are  more  evenly  distributed  than  with  the  circular 
guide,  centrally  located  and  extended  so  much  beyond  the  centre 
line  of  the  greatest  strain.  The  evil  of  fixed  guides  is  so  appar- 
ent that  ere  long  their  adoption  will  doubtless  be  discontinued. 
The  true  definition  of  fixed  guides  is,  that  the  strain  on  the  pis- 
ton rod  is  counteracted  from  a  fixed  point,  and  thus  disarrange- 
ment and  deflection  are  the  natural  results. 

"  The  mode  of  adjusting  the  surfaces  is  of  great  importance,  as 
all  rubbing  surfaces  in  contact,  wear  in  the  direction  of  the  strains 
enforced.  In  some  cases  sliding  blocks  are  used,  each  end  of  the 
crosshead  being  inserted  therein.  The  blocks  work  in  a  channel 
formed  in  the  framing.  By  this  it  will  be  understood  that  ad- 
justment was  not  regarded,  and  on  the  blocks  and  channel  becom- 
ing worn  a  jerking  strain  on  the  piston  rod  was  the  result  at  each 
half  stroke  of  the  piston.  The  means  adopted  to  adjust  the  sur- 
faces in  contact  are  various ;  in  many  instances  compression  or  re- 
duction of  the  space  between  the  surfaces  is  adopted,  while  in 
other  cases  expanding  the  guide  is  resorted  to.  To  define  which 
is  the  better  we  must  consider  the  strains  and  surface  chiefly  af- 
fected. It  is  universally  known  that  the  centre  of  action  of  the 
piston  rod  must  be  retained,  so  that  to  adjust  one  side  of  the  guide 
only  would  be  doubtless  disturbing  the  plane  line  of  the  rod.     In 
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the  event  of  shifting  both  surfaces,  adjusting  bolts  and  nuts  must 
be  introduced,  thus  entailing  complication  and  increase  of  liability 
to  looseness  of  detail.  The  better  plan  is  to  adjust  the  block,  and 
by  a  single  screw,  wedge,  or  key,  adjustment  can  be  readily  main- 
tained without  increase  of  friction  or  disarrangement.  The  guide 
blocks  now  in  general  use  have  flat,  curved,  and  V-shaped  or  an- 
gular surfaces.  The  channels  in  the  framing  are  solid  (so  to 
speak),  or  adjustment  is  attained  by  the  block  only.  The  first- 
mentioned  surface  is  the  most  general,  each  side  or  surface  being 
a  loose  portion  and  connected  by  set  screws,  studs,  or  wedges. 
In  the  case  of  the  curved  surfaces,  rods  are  used  as  guides,  and 
the  brasses  either  clasp  the  rods  or  are  semicircular  in  contact ; 
the  latter  may  be  deemed  the  preferable  mode,  as  the  outer  sur- 
face is  not  in  contact  unless  there  be  excessive  wear  on  the  inner 
side.  The  V  guide  is  perhaps  the  best  example,  as  the  shape  of 
guide  assists  to  retain  the  position  of  the  block,  whereas  with  the 
flat  surface  block  provisions  on  the  sides  are  imperative,  unless 
the  channels  be  recessed. 

"  The  next  engines  for  consideration  are  those  adapted  for  high 
velocities,  or  the  horizontal  type.  This  detail  for  horizontal  en- 
gines is  much  varied  in  principle  and  design.  Some  makers  pre- 
fer double  guides  at  the  sides  of  the  rods,  while  others  resort  to 
the  primitive  fixed  guide,  to  which  we  have  alluded.  In  the 
case  of  the  double  guide  it  should  be  remembered  that  four  sur- 
faces are  always  in  contact,  whereas  with  judicious  arrangement 
two  faces  will  be  ample,  sufficient  area  being,  of  course,  consi- 
dered. The  action  of  the  connecting  rod  is  to  lift  and  press 
down  the  piston  rod,  such  action  being,  of  course,  due  to  that  of 
the  crank.  When  double  blocks  are  adopted  another  evil  exists, 
une  Venn  ess  or  inequality  of  adjustment,  due  of  course  to  the  re- 
quirements of  simultaneous  tightening  of  the  guide  surface?;.  The 
single  block  also  admits  of  a  better  connection  with  the  piston  rod, 
while  the  guides  themselves  can  be  located  over  and  under  the  per- 
pendicular line  of  the  piston  rod,  an  arrangement  which  admits  of 
the  greatest  resistance  to  the  strains  imposed.  For  the  better  pur- 
pose of  exemplifying  our  remarks  we  will  describe  in  detail  the  ar- 
rangement now  under  question,  which  is  particularly  adapted  for 
high  velocities  and  reverse  motions.  The  guide  block  is  formed 
either  of  gun  metal  or  malleable  cast-iron.     The  latter,  although  of 
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late  production,  is  being  now  extensively  used  amongst  engineers 
and  machinists.      Its  tenacity  is  somewhat  startling;  we  have  seen 
specimens  tied  into  knots  without  fracture — in  fact,  equal    to 
wrought  iron.     The  space  between  the  wearing  surfaces  of  the 
block  is  sufficient  to  allow  for  the  rise  and  descent  of  the  con- 
necting rod.     The  brasses  clasp  the  guide  on  all  sides  so  that 
looseness  is  an  impossibility.     Adjustment  is  attained  by  wedges 
mth  stop  or  set  nuts  at  the  front  end,  which  can  be  further  se- 
cured by  set  nuts  and  studs  at  the  back  if  required ;  but  this  last 
may  be  termed  an  excess  of  safety,  but  nevertheless  is  more  secure. 
The  connecting  rod,  instead  of  being  double  at  the  connection, 
is  single,  and  inserted  in  the  block  instead  of  clasping  it.     The 
pin  or  crosshead,  as  in  other  engines,  passes  through  the  block, 
and  is  secured  at  the  smaller  end  by  a  nut,  recessed  in  the  side 
of  the  block ;  the  larger  end  of  the  pin  has  a  key  to  prevent  its 
oscillating  or  shifting  m  the  bearing.     The  brasses  of  the  connect- 
ing rod  are  adjusted  by  a  cotter  and  internal  rod,  the  former  being 
beyond    the   guides    if  required.     The   piston    rod    is    secured 
to    the    block    by    a   key    or   cotter,    a  projection   being   cast 
for  that  purpose.     It  will  thus  be  understood  that  simplicity 
and  compactness  are  maintained,  and  adjustment    is    available 
without    disarrangement.     The   guide    channel   can    either    be 
closed  at  the  sides  or  open  for  given  spaces.     The  upper  por- 
tion of  the  guide  is  secured  to  the  lower  by  three  bolts  and  nuts 
on  each  side;  lateral  disturbance  is  prevented  by  recessing  the 
guides  reciprocally  where  connected.     This  explanation  suffices 
to  show  the  superiority  of  the  arrangement  now  advocated,  eco- 
nomy of   construction  and  repair   also  being  considered.     The 
guides  for  oscillating  engines  are  the  gland,  packing,  and  bush  in 
the  stuffing-boxes ;  the  trunnions  being  also  pivots  to  retain  the 
location  of  suspension." 

55.  Thompson's  Portable  Engine. — "  Almost  every  day  wit- 
nesses the  advent  of  some  improvement,  or  attempt  at  improve- 
ment, in  the  application  of  steam  power,  and  especially  in  the 
portable  form,  and  the  desire  for  simplicity  and  a  reduction  in  the 
number  of  parts,  has  led  to  attempts,  almost  without  number,  to 
construct  an  engine  with  a  continuous  rotary  movement  instead 
of  a  reciprocating  one  convertible  to  rotary  movement  by  the 
action  of  a  crank.     It  is  obvious  that  a  constant  stopping  and  re- 
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versing  must  require  greater  weight  and  strength  than  a  continu- 
ous movement  in  one  single  direction.  Among  the  machines  ex- 
hibited at  the  meeting  of  the  British.  Association  at  Birmingham, 
was  a  portable  engine  by  Mr.  R  W.  Thompson  of  Edinburgh,  en 
the  rotary  principle.  The  boiler  is  vertical,  having  a  cylinder  of 
3  ft.  in  diameter  by  6  ft.  in  height,  the  internal  fire  surface  con- 
sisting of  a  hemispherical  bottom,  with  the  heat  spreading  all  over 
it  by  leading  to  a  circle  of  vertical  fire-tubes,  passing  through  the 
water.  To  one  side  of  this  boiler  is  attached  the  engine,  which 
shows  externally  as  a  horizontal  cylinder,  about  1 2  in.  in  diame- 
ter by  2  ft.  in  length,  within  which  the  pistons  revolve,  the  en- 
trance and  exit  of  the  steam  being  provided  for  by  the  action 
of  external  elliptical  tooth  wheels  fixed  on  the  revolving  shafts, 
which,  causing  alternate  faster  or  slower  movement  of  the  pistons 
past  each  other,  opens  and  closes  the  passages.  A  drum- wheel  on 
the  axis  of  the  cylinder  carries  a  strap,  which  will  put  in  motion 
any  required  machinery.  The  whole  is  supported  on  one  pair  of 
wheels,  with  a  pair  of  shafts  attached,  and  can  be  moved  by  one 
horsei  The  machine  as  shown  was  stated  to  be  the  equivalent  of 
an  ordinary  eight-horse  portable  engine,  and  that  the  relative 
weights  were  30  cwt.,  the  rotary  engine  against  55  cwt.  on  the 
ordinary  plan,  while  the  cost  price  of  the  former  to  the  latter 
was  in  the  same  proportion.  No  flywheel  is  needed  to  keep  up 
the  movement,  and  there  is  an  al5sence  of  all  the  vibrating  mo- 
tion induced  by  the  reciprocation  of  ordinary  engines.  The  prin- 
ciple is  equally  applicable  to  portable  purposes  or  to  boats  or  lo- 
comotive engines.  The  actual  consumption  of  fuel  for  work  done 
was  not  given  to  the  meeting;  but,  assuming  it  to  be  the  same 
per  horse  power,  there  is  nothing  in  the  wearing  parts  of  the  ma- 
chine that  may  not  easily  be  replaced,  and  at  little  cost.  Every 
improvement  of  this  kind,  placing  steam  more  and  more  within 
the  reach  of  every  one  for  all  the  common  labour-saving  purposes 
of  life,  is  a  gain  to  the  community.  It  is  probable  that  this  en- 
gine, worked  bj''  a  blazing  tire  of  petroleum,  will  prove  the  best 
and  simplest,  as  well  as  the  cleanliest,  moving  power  applicable 
to  ship's  launches,  which  is  now  found  to  be  almost  a  necessity  of 
modern  steamships,  economising  the  strength  of  seamen  by 
getting  rid  of  the  labour  of  the  oar.  Getting  rid  of  weight  in 
this  machine  is  a  very  important  matter,  by  allowing  a  larger 
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amount  of  fuel,   as  well   as  facilitating  the  hoisting    in    and 
out." 

56.  Double- Cylinder  Revolving  Steam  Engine. — The  "  Scien- 
tific American  "  describes  an  engine  of  this  kind,  the  invention 
of  J.  L.  Foster  of  Virginia  : — "  Rotatory  engines,  in  one  form  or 
another,"  says  the  writer,  "  have  occupied  the  attention  of  in- 
ventors for  many  years,  and  changes  in  the  form  or  details  of 
them,  with  a  view  to  render  them  economical  and  efficient,  are 
continually  being  made. 

"  This  engine  is  not  a  rotary  engine,  inasmuch  as  the  pistons 
in  such  machines  travel  continuously  in  one  direction,  but  this 
combines  a  reciprocating  motion  of  the  piston  with  a  rotary  one 
of  the  cylinder,  and  adds  the  weight  and  momentum  of  that 
detail  to  the  force  exerted  by  the  piston. 

"  The  following  description  will  render  the  principle  and 
main  parts  familiar  to  the  reader : — The  cylinders  are  fixed  on 
the  face  of  a  wheel  at  the  opposite  ends  of  its  diameter,  this 
wheel  being  set  below  the  centre  of  the  shaft  and  pulley,  half 
the  length  of  the  stroke.  When,  therefore,  steam  is  admitted  to 
the  pistons,  they,  on  being  forced  out,  act  against  the  crank 
which  is  placed  between  the  cylinders,  and  turn  the  cylinders 
and  wheel  round. 

"  The  steam  is  let  into  the  cylinders  by  ports,  through  the 
the  steam  pipe  and  exhaust  pipe.  There  are  two  branches  to 
both  of  these  pipes,  and  when  steam  is  let  into  one,  by  turning 
a  valve  the  engine  revolves  in  one  direction,  and  is  reversed  by 
admitting  steam  to  the  other  branch.  It  is  intended  to  have 
two  sets  of  cylinders,  or  four  in  all,  the  piston  rods  crossing  each 
other  at  right  angles,  and  one  pair  of  cylinders  set  further  from 
the  shaft  in  order  to  allow  the  rods  to  work  on  different  cranks 
on  the  same  shaft.  The  yoke  is  fitted  to  a  bearing  in  the  central 
shaft,  thus  distributing  the  labour  on  the  main  shaft.  By 
having  four  cylinders  there  is  no  dead  centre,  and  the  force  is 
continuous  at  all  times.  Packing  rings  keep  the  wheel  steam- 
tight  at  the  point  where  the  steam  is  introduced.  These  rings 
fit  in  a  circular  chamber  behind  the  wheel,  and  are  made  in 
sections  so  that  the  entire  chamber  will  be  prevented  from  losing 
steam  by  the  expansion  of  them  in  every  direction.  The 
cylinders  are  lubricated  by  a  cup  on  the  steam  pipe.     This 
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engine,  says  the  inventor,  is  particularly  useful  for  propellers,  on 
account  of  the  ease  with  which  it  may  be  reversed,  and  the 
velocity  of  piston  it  is  capable  of  attaining.  It  is  also  claimed 
to  be  simple  and  efficient,  and  that  two  revolutions  of  tlie 
pulley  are  obtained  from  one  reciprocating  movement  of  the 
pistons." 

57.  (a.)  Defects  of  Steam  Engines — {h.)  Horse  Power — {c.)  Ex- 
pansion of  Steam. — On  these  three  topics  we  take  the  following 
suggestive  paragraphs  from  the  *'  Scientific  American  :" — 

(a.)  Defect  in  Steam  Engines. — "  Zealous  professors  of  science 
occasionally  call  attention  to  the  fact  that  steam,  as  a  motor, 
costs  much  more  than  it  should,  and  that  little  over  one-tenth 
of  the  actual  heating  value  of  the  fuel  is  realized  in  practice. 
Experiments  and  experience  prove  the  statements  to  be  virtually 
correct,  and  it  is  a  reproach  to  the  mechanical  skill  of  the  period 
that  it  should  be. 

"  The  loss  is  not  in  the  theory  of  the  engine,  for  that  is  per- 
fect, but  in  the  practice  of  that  theory ;  or,  in  plain  terms,  in 
the  construction  of  steam  engines.  It  is  an  undeniable  fact, 
however,  that  but  few  of  the  steam  engines  now  constructed 
work  with  the  economy  that  they  should,  or  even  approximate 
in  performance  to  the  theoretical  value  of  the  fuel. 

"  Portable  engines  are  turned  out  by  scores  which,  although 
well  enough  externally,  are  far  from  being  in  a  healthy  condition 
in  those  parts  which  affect  economy.  The  slide  valves  are  only 
such  in  name  ;  they  exercise  few  of  the  proper  functions  of  this 
most  important  detail,  and  the  boilers  are  heavy,  enormously 
large  in  fire  and  heating  surface,  and  every  way  disproportioned 
to  the  size  of  the  cylinders.  The  feed  pumps  are  poorly  got  up  ; 
the  valves  lift  too  much ;  the  water  passages  are  cramped  and 
crooked,  and  the  absence  of  any  proper  method  for  heating  the 
feed  water  without  creating  more  loss  from  back  pressure  on  the 
piston  than  is  gained  by  injecting  hot  water  to  the  boiler  is  oftey 
noticeable.  We  make  these  statements  for  the  interest  of  ann 
it  may  concern,  not  to  find  fault.  Many  stationary  engines  are 
in  precisely  the  same  condition. 

"  It  is  not  the  only  thing  required  in  a  slide  valve  that  it 
shall  open  and  close  the  ports  at  a  certain  time,  but  that  it  shall 
be  properly  set  for  the  work  it  has  to  do,  that  it  shall  exhaust 
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the  contents  of  the  cylinder  at  the  proper  time,  that  it.  shall  close 
properly,  and  that  the  lead  shall  be  proportioned  to  the  duty. 
That  this  is  important  every  one  is  aware  who  has  ever  in- 
spected, or  is  familiar  with,  indicator  diagrams. 

"  It  is  a  common  thing  on  railways  to  hear  a  locomotive 
exhausting  "  one-sided,"  as  it  is  termed,  or  giving  palpable  public 
evidence  that  it  is  out  of  order,  and  that  the  master-mechanic  on 
the  line  is  either  indifferent  or  careless  of  his  duties.  We  know 
of  one  road  where  our  ears  are  daily  saluted  by  the  sound  of 
a  locomotive  drawing  a  long  train  of  coaches,  and  regularly 
exhausting  1-2-3 — 4,  1-2-3 — 4,  or  with  a  very  positive  interval 
between  the  successive  exhausts.  It  would  be  quite  as  sensible 
to  draw  two  or  three  empty  coaches  day  after  day,  as  it  is  to 
permit  an  engine  to  run  in  this  way ;  for  at  every  uneven  or 
irregular  interval  the  steam  is  compressed  or  choked  in  the 
cylinder,  and  delayed  in  getting  out  until  it  acquires  a  high 
tension,  so  that  the  actual  pressure  is  much  greater  on  the 
exhaust  side  than  on  the  steam  side.  This  subtracts  from  the 
efficiency  of  the  machine,  adds  to  the  cost  of  repair,  of  fuel,  and 
every  thing  used  in  running  the  engine.  A  locomotive  engine 
exhausting  unequally  carries  dead  weight,  which  costs  a  great 
deal  to  keep. 

"  We  know  that  engines  are  often  regarded  as  in  chronic  or 
incurable  difficulties,  because  some  mysterious  cause  conflicts 
with  setting  the  valves  properly,  but  we  have  frequently  found 
that  individuals  were  more  fond  of  declaring  that  the  defect  was 
veiy  mysterious,  than  they  were  zealous  to  remedy  it. 

"  It  is  very  plain  from  the  simple  facts  here  cited — many  of 
which  are  so  well  known  among  professional  engineers  as  to  be 
truisms — that  one  of  the  greatest  obstacles  in  the  way  of 
economy  in  the  steam  engine,  is  a  want  of  mechanical  accuracy 
in  construction,  erection,  and  oversight,  and  that  the  cost  of  a 
horse-power  could  be  very  much  reduced  by  attention  to  obvious 
and  well-known  defects  existing  in  steam  engines." 

(b.)  Horse  Power. — "When  Watt  began  to  introduce  his  steam 
engines  he  wished  to  be  able  to  state  their  power  as  compared 
with  that  of  horses,  which  were  then  generally  employed  for 
driving  mills.  He  accordingly  made  a  series  of  experiments,  which 
led  him  to  the  conclusion  that  the  average  power  of  a  horse  was 
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sufficient  to  raise  about  33,000  lbs.  one  foot  in  vertical  height 
per  minute,  and  this  has  been  adopted  in  England  and  this  coun- 
try as  the  general  measure  of  power. 

"A  waterfall  has  one  horse  power  for  every  33,000  lbs.  of 
water  flowing  in  the  stream  per  minute,  for  each  foot  of  fall.  To 
compute  the  power  of  a  stream,  therefore,  multiply  the  area  of  its 
cross  section  in  feet  by  the  velocity  in  feet  per  minute,  and  we 
have  the  number  of  cubic  feet  flowing  along  the  stream  per  minute. 
Multiply  this  by  62^,  the  number  of  pounds  in  a  cubic  foot  of 
water,  and  this  by  the  vertical  fall  in  feet,  and  we  have  the  foot 
pounds  per  minute  of  the  fall ;  dividing  by  33,000  gives  us  the 
horse  power. 

"  For  example  : — A  stream  flows  through  a  flume  1 0  feet  wide, 
and  the  depth  of  the  water  is  4  feet ;  the  area  of  the  cross  sec- 
tion will  be  40  feet.  The  velocity  is  150  feet  per  minute — 
40  X  150  =  6,000  =  the  cubic  feet  of  water  flowing  per  minute. 
6,000  X  62^  =  375,000  =  the  pounds  of  water  flowing  per 
minute.  The  fall  is  10  feet;  10  x  375,000  =  the  foot-pounds 
of  the  water  faU.  Divide  3,750,000  by  33,000,  and  we  have 
1 1 3f  ^  as  the  horse  power  of  the  fall. 

"  The  power  of  a  steam  engine  is  calculated  by  multiplying 
together  the  area  of  the  piston  in  inches,  the  mean  pressure  in 
pounds  per  square  inch,  the  length  of  the  stroke  in  feet,  and  the 
number  of  strokes  per  minute  ;  and  dividing  by  33,000. 

'•Water  wheels  yield  from  50  to  91  per  cent,  of  the  water. 
The  actual  power  of  a  steam  engine  is  less  than  the  indicated 
power  owing  to  a  loss  from  friction ;  the  amount  of  this  loss 
varies  with  the  arrangement  of  the  engine  and  the  perfection  of 
the  workmanship." 

(c.)  The  Expansion  Controversy. — "  If  a  cubic  foot  of  air  be 
suffered  to  expand  to  a  volume  of  two  cubic  feet,  and  its  tem- 
perature be  kept  constant,  its  pressure  will  be  reduced  one-half. 
The  same  law  applies  to  all  permanent  gases,  and  this  is  the  fa- . 
mous  Mariotte  law — half  the  volume,  double  the  pressure.  An 
essential  condition  is  that  the  temperature  be  kept  constant. 
Tyndall  contends  that  when  air  expands,  without  doing  any  work, 
as  when  it  expands  into  a  vacuum,  its  temperature  is  not  reduced 
by  the  expansion ;  but  all  physicists  are  agreed  that  if  the  air 
in  expanding  performs  work— overcomes  resistance — it  is  cooled, 
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and,  consequently,  its  pressure  is  reduced  to  less  than  that  as- 
signed by  the  law. 

"  It  was  formerly  taught  in  the  books  that  steam  expanded  in 
accordance  with  the  Mariotte  law,  but  it  was  discovered  many 
years  ago  that  so  large  a  portion  of  the  steam  is  condensed  into 
water  as  to  cause  a  very  wide  departure  from  this  law.  What 
the  amount  of  this  condensation  is — to  what  extent  it  balances  the 
work  theoretically  due  to  expansion,  and,  consequently,  whether 
there  is  economy  in  working  steam  through  large  measures  of  ex- 
pansion— is  a  problem  which  has  proved  to  be  one  of  the  most 
difficult  of  solution  of  any  that  has  occupied  the  attention  of 
philosophers. 

"On  the  18th  of  November  last.  Professor  W.  J.  Macquorn 
Rankine,  of  Glasgow  University,  in  a  communication  to  this 
paper,  stated  the  law  of  the  expansion  of  steam  under  five  differ- 
ent conditions,  concluding  with  the  case  of  a  steam  engine,  in 
these  words : — 

" '  When  the  steam  expands  and  performs  work  in  a  conduct- 
ing cylinder,  which  receives  no  supply  of  heat  from  without,  but 
is  left  to  undergo  a  great  alternate  rise  and  fall  of  temperature 
through  its  alternate  connection  with  the  boiler  and  the  condenser, 
the  law  of  expansion  becomes  very  variable,  and  the  problem  of 
determining  it  extremely  complex.  It  is  certain,  however,  that 
a  great  waste  of  heat  occurs  in  every  case  of  this  kind,  as  Mr. 
Isherwood's  experiments  have  sho^vn.  In  a  paper  read  to  the 
Institution  of  Engineers  in  Scotland,  about  two  years  ago,  I  dis- 
cussed some  of  Mr.  Isherwood's  earUer  experiments,  and  showed 
that  they  gave  proof  of  a  waste  of  heat,  increasing  with  the  fall 
of  temperature,  due  to  the  expansion  of  the  steam,  with  the  ex- 
tent of  conducting  surface  of  the  cylinder,  and  with  the  duration 
of  the  contact  between  the  hot  boiler  steam  and  that  conducting 
surface.* 

"  The  great  compeer  of  Rankine,  in  this  department  of  phy- 
sics, is  Regnault,  of  France.  In  a  paper  published  in  the  London 
and  Edinburgh  Philosophical  Magazine,  October,  1854,  he  thus 
states  the  difficulties  of  the  problem  : — 

" '  For  my  own  part,  I  have  long  laboured  to  bring  together 
the  experimental  data  by  means  of  which  the  theoretical  motive 
power  produced  by  a  given  elastic  tiuid,  which  undergoes  a  cer- 
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tain  change  of  volume,  as  well  as  the  quantity  of  heat  which 
becomes  latent  by  this  change,  might  be  calculated  a  priori. 
Unfortunately  these  data  are  very  numerous,  and  most  of  them 
can  only  be  determined  by  extremely  delicate  and  difficult  ex- 
periments." 

58.  Engine  Poioer,  Nominal  and  Actual — From  an  able  paper 
under  this  title,  by  Mr.  John  Imray,  in  the  '*  Scientific  Eeview," 
for  December  1865,  we  take  the  following  extracts: — "Among 
companies  or  private  persons  ordering  steam  machinery,  it  is 
tacitly  understood,  if  it  be  not  distinctly  specified,  that  the  indi- 
cated power  shall  very  largely  exceed  the  nominal ;  and  an  en- 
gineer working  strictly  in  accordance  with  the  letter  of  his  con- 
tract, would  be  thought  either  unsuccessful  or  dishonest  if  his 
engine  did  not  do  something  like  three  or  four  times  the  work 
nominally  required  of  it.  He  might  even,  as  matters  now  stand, 
be  subject  to  heavy  damages  in  a  suit  at  law;  because  it  could  be 
proved,  by  overwhelming  evidence,  that  the  custom  is  to  furnish 
actual  power  very  much  exceeding  nominal — in  other  words,  to 
reckon  eighty  or  ninety  ounces  to  the  pound,  or  10,000  or 
12,000  lbs.  to  the  ton. 

"  It  may  be  interesting  to  inquire  how  this  custom  originated, 
how  far  it  acts  prejudicially  to  the  interests  of  both  producer  and 
purchaser,  and  how  it  may  be  best  abolished. 

"  If  we  were  to  define  poioer,  we  should  say  that  it  signified 
the  capability  of  doing  certain  work  in  a  certain  time.  And, 
still  farther  defining  the  terms  we  use,  we  should  say  that  loorh 
means  the  movement  of  a  certain  pressure  or  resistance  over  a 
certain  space.  The  kind  of  pressure  or  resistance  with  which  we 
are  best  acquainted,  which  is  most  uniform  and  most  conveniently 
measured,  is  the  gravitating  attraction  exerted  by  the  earth  on 
masses  of  matter  near  its  surface.  We  thus  come  to  take  weight 
as  the  standard  of  pressure  or  resistance,  and  select  some  unit  of 
weight — such  as  1  lb.  avoirdupois,  or  1  kilogramme  in  the  French 
metric  system — as  the  unit  of  pressure  or  resistance.  In  the 
same  manner,  we  select  1  ft.  or  1  metre  as  the  unit  of  linear 
space  over  which  the  weight  is  moved  when  work  is  done,  and  1 
minute  as  the  unit  of  time  in  which  it  is  eifected.  We  readily 
see  that  to  move  10  or  20  lbs.  over  1  ft.  involves  10  or  20  times 
the  work  required  to  move  1  lb.  over  1  ft. ;  also,  that  to  move  1 
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lb.  over  10  or  20  ffc.  involves  10  or  20  times  the  work  required 
to  move  1  lb.  over  1  ft. ;  and  thus  we  determine  that  worlc  is 
proportional  to  the  weight  moved,  and  also  to  the  space  over 
which  it  is  moved,  and  consequently,  that  it  is  proportional  to 
the  product  of  the  space  by  the  loeight,  and  must  be  expressed 
by  a  number  which  means  neither /ee^  nor  pounds  simply,  but  feet 
multiplied  by  the  number  expressing  pounds,  and  called,  for  the 
sake  of  abbreviation,  foot-pounds.  Thus  the  work  involved  in 
moving  3  tons  over  12  ft.  is  estimated  as  3  x  2,240  x  12  = 
80,640  ft.-lbs. 

"  It  is  evident  that  work  alone,  without  taking  time  into  ac- 
count, gives  no  measure  whatever  of  power.  A  mouse,  carrying 
grain  by  grain,  may  remove  a  ton  of  wheat  over  a  considerable 
distance.  A  horse,  taking  it  altogether  over  the  same  distance, 
does  no  more  work,  but  he  does  it  in  less  time.  And  the  power 
of  the  horse  is  to  that  of  the  mouse  in  the  inverse  proportion  of 
the  time  occupied  by  each  in  doing  the  same  work.  Taking, 
then,  the  element  of  time  into  account,  we  have  simply  to  di- 
vide the  product  which  represents  the  work  in  foot-pounds  by 
the  time  in  minutes  occupied  in  performing  it,  in  order  to  obtain 
a  result  which  represents  in  foot-pounds  per  minute  the  power 
of  the  animal  or  engine  employed. 

"  In  most  cases,  the  numbers  resulting  from  this  arithmetical 
computation  are  large,  and  would  be  difficult  to  remember,  and 
troublesome  to  operate  with.  It  would  be  as  if  we  kept  our  cash 
accounts  in  farthings.  In  order  to  reduce  them  to  convenient 
figures,  we  adopt  a  tolerably  high  standard  of  power — a  constant 
number  of  foot-pounds  per  minute — viz.,  33,000,  by  which  we 
divide  our  product :  just  as  we  should  divide  our  number  of  far- 
things by  960  to  reduce  the  amount  to  pounds  sterling.  This 
standard  we  call  a  horse-power,  by  which  we  mean  literally  the 
power  of  one  horse,  or  its  capability  of  doing  work.  It  was  adopted 
by  Watt,  not  without  care  and  reflection,  founded,  as  it  was,  on 
the  average  of  many  experiments  actually  made  with  horses,  and 
probably  no  good  reason  can  be  assigned  for  altering  it.  Prac- 
tically, however,  it  is  now  altered,  for,  instead  of  33,000,  it  is 
put  variously  at  100,000,  150,000  or  200,000,  according  to  the 
avidity  of  the  purchaser  of  a  steam-engine,  or  the  emulation  of 
Jts  maker/' 
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After  pointing  out  how  "step  by  step,  1 -horse  nominal  power 
had  come  to  be  6-horse  actual  or  indicated  power,"  the  author 
concludes  thus — "  It  is  inconvenient,  in  any  case,  to  have  no  fixed 
standard  of  weight,  measure,  power,  or  anything  else  that  is  to 
guide  transactions  of  purchase  or  sale.     It  is  stiU  more  inconve- 
nient in  matters  of  science  or  art,  where  accurate  measurement 
of  results  is  of  the  highest  importance  as  a  foundation  for  future 
operations.     But  over  and  above  the  inconvenience,  there  is  an 
immorality,  a  dishonest  greed  on  the  one  hand,  which  asks  more 
than  it  has  a  right  to  expect,  and  an  unfair  competition  on  the 
other,  which  gives  more  than  is  asked,  merely  to  throw  others 
into  the  background.     It  is  time  that  this  should  cease.     If  the 
old-fashioned  standard  of  horse-power  is  defective,  let  a  better 
be  substituted ;  but  let  it  at  least  be  a  fixed  and  constant  quan- 
tity, to  which  all  the  world  can  appeal,  without  reference  to  what 
some  do  or  do  not,  or  to  any  custom  or  usage  whatever.     Let 
us  suppose  a  case  (and  it  is  no  ideal  one)  of  a  farmer  who  orders 
from   one   engineer  a   threshing-machine,   and   from   another  a 
steam-engine  to  drive  it.     The  one  states  that,  to  drive  his  ma- 
chine effectively,  6-horse  power  is  required,  the  other  undertakes 
to  furnish  that  power.     The  machine  and  the  engine  are  erected 
and  connected,  but  they  will  not  work.     The  maker  of  the  ma- 
chine explains  that  the   engine   has  not   power    enough ;    the 
maker  of  the  engine  states  that  the  machine  would  take  a  great 
deal  more  than  6-horse  power.     The  engine  is  tested  by  the  in- 
dicator, and  is  found  to  give  out  9 -horse  power ;  it  is  also  tested 
by  the  dynamometer,  and,  owing  to  the  necessary  friction  of  its 
moving  parts,  gives  somewhat  less,  say  7  or  8-horse  power.     The 
very  same  strap  that  worked  on  the  dynamometer  is  applied  to 
the  threshing-machine,  and  all  the  conditions  are  unchanged,  but 
still  the  combination  does  not  work.     The  maker  of  the  machine 
immediately  appeals  to  the  custom  of  making  engines  to  give  out 
a  power  double  or  treble  their  nominal,  and  asserts  that  if  that 
custom  had  been  adhered  to  the  machinery  would  have  gone 
sweetly  along.     The  maker  of  the  engine,  on  the  other  hand, 
hints  that  threshing  and  other  machines  generally  take  more  than 
their  stated  power,  and  reprehends  the  custom  of  so  understating 
the  force  required. 

"  Surely  a  state  of  things  which  permits  such  anomalies  to  oc- 
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cur  should  come  to  an  end.  It  is  not  as  if  there  were  no  means 
of  testing  accurately  power  emitted  from  an  engine  or  absorbed 
by  a  machine.  The  indicator,  on  the  one  hand,  with  reasonable 
allowance  for  friction,  and  the  dynamometer  on  the  other,  with 
no  allowance  at  all,  settle  those  questions  beyond  appeal,  and  no 
point  is  left  for  dispute  except  that  allowance  in  the  case  of  the 
indicator,  which  might  be  settled  once  for  all  by  a  few  carefully- 
conducted  experiments,  and  which,  at  most,  can  amount  only  to 
a  moderate  per  centage  of  the  whole  power.  The  results  of  my 
own  observations  on  small  non-condensing  engines  (from  5  to 
20-horse  power),  tested  both  by  indicator  and  by  dynamometer, 
give  a  loss  by  friction  and  other  resistances  of  15  to  20  per  cent, 
of  the  indicated  power.  As  a  convenient  average,  I  should  take 
about  17^  per  cent. ;  and,  fortunately,  this  allowance  renders  the 
computation  of  power  very  simple,  as  may  be  understood  by  the 
following  example : — 

Assume  that  an  engine  gives  an  indicated  power  of  100 
horses,  which  means  that  it  is  equivalent  to  3,300,000  ft.-lbs.  per 
minute:  for  the  number  3,300,000  divided  by  33,000  (the 
standard  horse  power)  gives  100  horses.  Now,  taking  17^  per. 
cent.,  or  17^  horses  from  this  for  friction,  &c.,  the  remainder, 
82i  horses,  is  the  quotient,  after  dividing  3,300,000  by  40,000. 
Hence,  to  compute  the  effective  or  dynamometric  power,  the  rule 
is  simply  to  divide  the  foot-pounds  per  minute  indicated  by  the 
constant  number  40,000,  or  to  point  off  4  places  and  divide  by  4. 
I  do  not,  of  course,  insist  on  the  perfect  accuracy  of  this  standard  ; 
on  the  contrary,  I  think  it  is  a  point  which  should  be  determined 
by  engineers  of  experience.  Whether  right  or  wrong,  it  would 
be  certainly  better  to  adopt  it  than  to  go  on  without  any  stand- 
ard whatever.  At  all  events,  let  some  standard  be  adopted,  and 
let  it  be  sanctioned  by  the  practice  of  engineers  of  repute,  and, 
above  all,  by  Government  Boards :  who  should  be  the  first  to  re- 
gulate for  the  public — ^by  example,  at  least,  if  not  by  direct  law 
— matters  which  admit  of  accurate  adjustment,  and  the  adjust- 
ment of  which  would  tend  so  much  to  the  pubUc  advantage." 

SECTION  SECOND. LOCOMOTIVE  STEAM  ENGINES. 

59.  Locomotive   Reform. — We   open  this   Division   of  our 
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•work  very  appropriately  with  an  abstract  of  a  paper  under 
the  above  title  in  the  "  Mechanics'  Magazine,"  under  date,  Feb- 
ruary 3d,  1865.  After  pointing  out  that  since  the  "Rocket" 
was  placed  some  thirty-five  years  ago  on  the  Manchester  and 
Liverpool  Railway,  very  little,  if  any,  change  has  been  made  in 
tfie  principle  of  the  locomotive,  the  writer  proceeds  by  show- 
ing the  "  two  special  items  "  connected  with  the  present  system, 
which  involve  the  Railway  Companies  in  heavy  outlay.  These  are 
(1)  the  carrying,  or  unremunerative  wheels  in  the  locomotive, 
and  (2)  the  heavy  six-wheeled  tenders.  The  numerous  attempts 
to  overcome  these  evils  show  their  importance ;  so  great  indeed 
is  the  loss  arising  from  them,  that  the  writer  insists  upon  this 
that  there  exists  a  necessity  for  a  radical  change  in  the  present 
system  of  locomotive  construction.  "  The  tank  engine,"  he  says, 
"  is  good  in  its  way,  but  is  at  best  only  adapted  for  short  runs 
with  light  loads,  where  a  sufficiency  of  water  and  fuel  can  be  car- 
ried without  overloading  the  wheels,  and  for  velocities  not  ex- 
ceeding 25  to  30  miles  an  hour.  But  under  the  present  system 
no  one  would  venture  to  construct  a  tank  engine  to  draw  heavy 
loads  from  Rugby  or  Peterborough  to  London.  To  do  so  would 
require  a  tank,  and  coal  bunkers,  of  the  necessary  capacity  to 
carry  water  and  fuel  sufficient  for  such  a  trip  without  stopping, 
and  thus  the  wheels  would  be  so  overloaded  that  they  would  not 
be  able  to  run  at  all.  "Were  it  possible  to  do  this  the  injury  re- 
sulting to  the  permanent  way  and  wheel  tires  would  be  enor- 
mous. The  difficulty  of  overloading  the  wheels  by  the  tank 
and  bunkers  might  be  got  rid  of  by  distributing  the  weight  over 
a  larger  number  of  wheels,  but  then  the  distance  between  the 
leading  and  trailing  wheels  would  be  too  great,  causing  enormous 
side  friction,  and  increased  danger  in  running  round  curves.  To 
obviate  this  the  bogie  principle  has  been  introduced,  but  with 
very  questionable  result.  When  the  bogie  is  adopted  in  eight- 
wheeled  engines  it  is  found  to  be  of  very  little  use,  inasmuch  as 
the  framing  of  the  driving  and  trailing  wheels  is  distinct  from 
that  of  the  bogie,  and  the  boiler  being  stayed  to  the  framing,  is 
perfectly  rigid  for  the  whole  of  its  length.  The  bogie-pin  is 
fixed  on  the  smoke-box  end  of  the  boiler,  and  so  the  bogie 
wheels  can  only  run  in  the  plane  of  the  direction  given  to  them 
by  the  framing  and  boiler.     But  these  bogies  do  swivel  occa- 
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sionally,  while  their  not  doing  so  generally  shows  that  it  must 
take  a  very  sharp  curve,  necessitating  a  great  deal  of  force  to 
move  them.  K  the  two  pairs  of  trailing  wheels  could  be  arranged 
to  swivel  like  the  leading  ones,  the  case  would  be  very  different, 
for  then  the  trailing  wheels  would  accommodate  themselves  to 
the  curve  on  which  they  mighfe  happen  to  be  travelling  without 
influencing,  as  at  present,  the  plane  or  direction  of  the  leading 
wheels.  But  it  is  simply  impossible  to  place  a  bogie  frame  be- 
neath the  fire-box  end  of  the  boiler  as  at  present  arranged,  and, 
if  possible,  the  difficulty  would  be  to  transmit  the  power  of  the 
engine  through  the  wheels  with  moveable  centres,  to  the  rails. 

"  The  weight  of  material  required  to  construct  a  tank  and 
fuel  bunkers  on  an  engine  capable  of  carrying  the  same  amount 
of  water  and  fuel  as  a  tender,  would  be  one  ton  for  every  ten 
tons  required  for  the  tender  itself,  nearly  the  whole  weight  of 
the  tender  being  comprised  in  the  wheels,  axles,  springs,  and 
framing.  If  such  a  tank  and  bunkers  were  placed  on  an  engine 
it  would  bring  about  11^  tons  additional  weight  on  the  wheels. 
This  would  comprise  25  cwt.  of  material,  7^  tons  of  water,  and 
3  of  fuel.  This  extra  weight  could  not  with  safety  be  placed  on 
the  six  wheels,  four  tons  being  the  safest  and  most  economical 
working  weight  that  should  be  placed  on  each  wheel  This 
may  be  increased  to  5  or  even  5^  tons  on  each  wheel,  but  to 
go  beyond  this  is  to  inflict  serious  injury  on  the  perma- 
nent way.  In  passenger  engines  on  some  lines,  however,  as 
much  as  1 6  tons  has  been  put  upon  the  driving  wheels  in  order 
to  get  bite,  and  the  average  may  be  taken  at  1 4  tons  ;  but  this 
has  been  found  so  destructive,  both  to  the  way  and  the  tires, 
that,  where  possible,  passenger  engines  are  built  with  four  driv- 
ing wheels  instead  of  two,  which  gives  more  tractive  force  and 
less  wear  on  the  wheels  and  rails.  It  is  true  that,  by  coupling 
two  pairs  of  wheels,  there  is  a  loss  of  power,  but  this  is  more  than 
compensated  for  by  the  extra  weight  gained  on  the  rails  ;  so  of  two 
evils  the  less  has  been  chosen,  weight  on  the  rails  being  impor- 
tant for  heavy  traffic.  This  is  considered  so  much  so  in  France 
and  Austria,  that  as  many  as  eight  or  ten  wheels  are  coupled, 
with  a  weight  of  from  40  to  50  tons  on  the  rails,  but  this  ar- 
rangement is  advantageous  only  on  lines  having  curves  of  large 
radii.'     In  another  part  of  the  paper,  the  writer  makes  a  remark- 
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ably  useful  suggestion,  and  on  a  point  so  important,  that  it  ap- 
pears strange  it  has  never  been  before  thought  of,  namely,  the 
system   of   "having   the   principal   parts  of  locomotives    inter- 
changeable," or  duplicated.     It  is  abundantly  evident  that  if  this 
was  done,  the  repairs  of  engines  would  be  speedily  made,  and 
all  delays   we  know  are   costly.     The   writer   then   concludes, 
"Enough  has  already  been  said  to  prove  that  much  could  be 
done,  in  saving  the  every  day  expenses  of  railway  companies,  and 
it  appears  strange  that  locomotive  engineers  have  never  attempted 
some  change  towards  the  removal  of  the  objectionable  tender,  or  the 
introduction  of  duplicate  parts.     But  the  truth  is,  that  irrespec- 
tive of  responsibility  to  be  incurred,  the  demands  upon  the  time 
of  a  locomotive  engineer  are  such  as  to  leave  him  but  Httle  mar- 
gin for  the  consideration  of  any  revolutionary  measures  if  he  were 
so  inclined,  and  so  he  is  content,  if  not  compelled,  to  continue  in 
the  old  tract. 

"  But  after  all  that  has  been  said  on  the  subject,  it  is  satisfac- 
tory to  be  enabled  to  point  out  a  way  of  escape  from  the  tram- 
mels of  a  system  which  "can  raise  such  insuperable  objections  to 
any  and  every  point  of  improvement  advanced.     If  this,  that,  or 
the  other,  being  pressing  necessities,  cannot  be  done  under  one 
system,  it  is  wise  to  consider  how  far  another  system  ensuring 
their  accomplishment   should  be   adopted.     If,   under  the  old 
well-digested  principle,  the  locomotive  is  helpless  to  fulfil  the 
conditions    the    advancements    of  the  age   demand  of  it,  then 
it  is   clearly  time   to  initiate  the  adoption  of  any  proposition 
bearing    on  its  face   evidence    of  mature   consideration   in   de- 
sign,   and   a  fitness    for   its    intended    purpose.      An   arrange- 
ment calculated    to    overcome    all  the  obstacles  herein  enume- 
rated would  prove  a  great   boon,    not   to  railways  alone,  but 
to  the  public  in  general,  who  are  becoming  more  and  more  iden- 
tified with  them  and  their  interests.     With  the  view  of  meeting 
these  contingencies,  and  of  overcoming  the  manifest  evils  of  the 
present  locomotive  system,  Mr.  Fairlie,  the  engineer-in-chief  of 
the  Central  Kailway  of  Venezuela,  has  proposed  a  novel  arrange- 
ment of  locomotive,  an  illustration  of  which  will  be  found  on 
another  page.     Therein  he  proposes  to  effect  the  required  im- 
provements, and  in  the  following  manner : — Firstly,  by  the  con- 
struction of  the  boiler,  which  is  so  arranged  that,  according  to 
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Mr.  Fairlie,  a  greater  generating  and  maintaining  power  can  be 
obtained  than  by  any  possibility  can  be  by  the  existing  system. 
Secondly,  by  the  whole  weight  of  the  engine,  including  fuel 
and  water,  being  made  available  on  the  rails  for  traction  power. 
Thirdly,  by  tenders  being  entirely  dispensed  with  as  useless,  un- 
remunerative,  and  costly.  Fourthly,  by  the  general  arrangement 
of  the  engine  complete,  by  which  it  is  enabled  to  pass  round  any 
curves  down  to  a  radius  of  one  and  a  half  chains  with  the  greatest 
facility,  and  the  friction  due  thereto  is  reduced  to  a  minimum. 
Fifthly,  by  doing  away  with  the  necessity  for  turntables  at  termini 
and  at  locomotive  dep6ts  ;  and  Sixthly,  by  reducing  the  expenses 
of  the  repairing  shops  to  a  minimum,  together  with  the  expenses 
arising  from  a  want  of  a  system  of  duplicates,  as,  by  the  plan  he 
proposes,  the  most  complete  system  of  duplicates  can  be  carried  out. 

"  If  this  new  principle  be  found  practically  to  embody  all  the 
inventor  claims  for  it — and  reason  is  not  at  variance  with  favour- 
able expectations — it  will  indeed  successfully  surmount  the  ob- 
stacles which  at  present  so  impede  railway  traction,  and  will  in 
itself  constitute  a  great  stride  in  the  perfecting  of  the  locomotive 
engine.  The  question  has  been  taken  up  by  several  eminent  en- 
gineers, and  locomotives  upon  Mr.  Fairlie's  principle  are  in  course 
of  construction.  One  railway  company  at  least  has  adopted  the 
system.  It  may  therefore  not  be  long  before  opportunity  is 
afforded  for  judging  how  far  practice  will  coincide  with  theory 
in  respect  of  this  invention." 

60.  I'ank  Locomotives. — This  subject  was  taken  up  and  partly 
considered  in  the  article  in  preceding  par.  In  an  article  in  the 
"Engineer,"  under  date  April  14th,  1865,  considerable  space 
was  devoted  to  a  somewhat  lengthy  discussion  of  its  bearings. 
Of  this  we  give  the  following  extracts,  referring  the  reader  to  the 
article  itself  for  the  remaining  portions.  After  pointing  out  the 
losses  incurred  by  the  "  tender  "  system  on  account  of  the  repairs 
it  involves,  the  writer  proceeds : — "Nor  is  the  question  of  repairs 
confined  to  the  tender  proper,  the  machine  indirectly,  but  very 
effectually,  operates  for  evil  by  materially  promoting  the  destruc- 
tion of  permanent  way,  especially  about  stations.  Engines  get 
over  a  good  many  miles  yearly  merely  in  shunting,  an  operation 
during  which  a  tender  is  to  all  intents  and  purposes  a  useless 
incumbrance.     We  have  said  that  it  constitutes  the  heaviest 
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carriage  met  with  in  a  train,  if  we  except  royal  saloons,  and  its 
powers  of  mischief  are  proportionately  great.  There  can,  of 
course,  be  no  good  reason  advanced  for  hauling  about  a  load  of 
fifteen  or  sixteen  tons  every  time  that  an  engine  or  a  couple  of 
empty  carriages  require  to  be  moved  over  a  few  hundred  yards  of 
rail.  But,  unfortunately,  it  is  easier  to  point  out  the  evils  of  the 
separate  tender  system  than  the  means  of  abatement.  Locomo- 
tive superintendents  regard  the  matter  very  much  in  the  light 
suggested  by  their  individual  temperament.  One  man  accepts 
the  tender  as  a  necessity  which  the  engineer  of  the  line  looks 
upon  as  the  result  of  a  cruel  fate,  while  another  tries  to  make 
capital  out  of  the  grievance,  and  either  *  goes  in '  for  extraordi- 
narily long  runs,  or  fits  cylinders  beneath  the  foot-plate  and 
utilises  the  otherwise  objectionable  weight  for  adhesion.  There 
is  such  a  thing,  however,  as  trying  for  too  much,  and  now  and 
then  a  driver,  however  careful,  makes  a  mistake  on  these  long 
runs,  and  finds  himself  ten  miles  from  the  nearest  water  crane 
with  half  an  inch  of  water  over  the  roof  of  his  fire-box,  and  a 
tender  tank  full  of  moist  air.  Probably  the  longest  run  at  pre- 
sent adventured  upon  without  refilUng  the  tender  is  that  from 
Euston-square  to  Eugby,  and  in  slippery  weather  it  is  often  found 
expedient  to  stop  at  Wolverton  for  water,  rather  than  run  the 
chance  of  emptying  the  tender  when  yet  far  from  home.  Mr. 
Sturrock's  system — -the  revivification  of  an  old  idea  worked  out 
in  France  years  ago — is  hardly  more  promising.  The  auxiliary 
tender  may  serve  a  sufficiently  good  purpose  in  the  case  of  goods 
engines,  but  it  would  be  utterly  out  of  place  in  an  express  train ; 
and  in  any  case  we  are  disposed  to  believe  that  the  judicious  use 
of  sand  will  be  found  a  less  costly  and  quite  as  effectual  a  method 
of  obtaining  the  amount  of  adhesion  required  to  work  up  all  the 
power  which  an  ordinary  boiler  is  capable  of  developing. 

"  It  may  be,  and  often  is,  advanced,  that  it  is  hardly  fair  to 
select  the  tender  of  an  express  engine  as  representing  the  ha- 
bitual weight  of  such  machines.  This  we  will  grant  as  being  true 
to  a  certain  extent,  but  even  when  the  quantity  of  water  carried 
equals  but  400  or  500  gallons,  and  of  fuel  but  7  cwt.  or  8  cwt.,  the 
separate  tender  still  operates  for  evil,  and  not  for  good.  These 
email  tenders  are  notoriously  heavier  in  proportion  to  the  load 
they  carry  than  those  of  full  size,  and  as  the  only  legitimate  excuse 
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that  can  he  brought  forward  for  using  such  a  device  at  all  Ues  in 
the  fact  that  water  and  fuel  enough  can  be  carried  for  very  long 
runs,  such  an  argument  simply  cuts  the  ground  from  beneath  the 
feet  of  the  advocates  of  the  system  instead  of  strengthening  their 
cause.  Besides,  heavy  tenders  are  by  no  means  confined  to  ex- 
press locomotives.  Goods  engines,  although  they  travel  at  a 
slower  speed,  and  make  shorter  runs  than  their  brethren,  never- 
theless are  so  heavily  loaded  that  they,  perforce,  evaporate  much 
water  in  accomplishing  short  distances.  The  very  heaviest  of 
tenders  may  be  found  forming  a  component  portion  of  goods 
stock.  In  point  of  fact,  the  evil  pervades  almost  every  section 
of  the  railway  system,  and  it  is  far  better  to  look  it  straight  in 
the  face  than  to  endeavour  to  underrate  its  importance,  or  to 
gloss  it  over  by  sophistical  argument.  If  it  can  be  proved  that 
it  is  absolutely  necessary  to  carry  1,000  or  1,200  gallons  of  water 
in  the  regular  course  of  business  there  is  an  end  of  the  matter  ; 
but  so  long  as  this  question  remains  a  question,  its  discussion  is 
advisable. 

"It  is  sufficiently  obvious  that  there  is  nothing  to  be  hoped 
for  in  the  way  of  reducing  the  quantity  of  water  required  for  the 
performance  of  a  given  duty.  It  is  certain  that  very  little  steam 
is  wasted  in  the  modern  locomotive,  and  that  although  it  is  just 
possible  that  improvements  may  yet  be  introduced  by  which  a  still 
higher  duty  may  be  realised  from  each  pound  of  water  evaporated 
than  that  now  usual,  the  gain  must  still  be  so  comparatively 
trifling  that  it  cannot  conduce  to  the  suppression  of  the  tender. 
In  point  of  fact,  then,  the  question  is  exceedingly  simple.  Some 
water  must  be  carried,  inasmuch  as  it  is  impossible  that  the 
suction-pipe  of  the  feed-pump  or  injector  can  dip  continuously  be- 
neath the  surface  of  the  water  contained  in  a  trough  laid  at  the  side 
of  the  line.  It  only  remains  to  be  determined  exactly  how  httle  or 
how  much  water  must  be  carried ;  and  this,  again,  resolves  itself 
into  a  question  which  can  only  be  solved  by  determining  the  dis- 
tance which  can  be  suffered  to  intervene  between  the  watering  sta- 
tions. On  an  average  stations  are  less  than  ten  miles  apart,  and  as 
250  gallons,  or  thereabouts,  \vill  more  than  suffice  for  a  much  longer 
run,  it  follows  that,  provided  the  working  conditions  of  tlie  traffic 
permitted  the  train  to  stop  at  each  station,  no  difficulty  whatever 
would  be  experienced  in  dispensing  with  the  tender,  and  carry- 
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ing  the  limited  quantity  of  water  required  on  the  engine.  Such 
a  condition,  however,  can  only  be  imperfectly  fulfilled.  In  the 
case  of  parliamentary  trains  stopping  at  every  station,  tank  en- 
gines would  answer  every  purpose,  and  on  some  lines  the  princi- 
ple has  been  carried  out  with  advantage.  But  nominally  it  is 
not  easy  to  set  aside  a  number  of  engines  for  one  class  of  work, 
and  no  other.  Much  greater  distances  are  traversed  without  a 
stop  than  the  water  carried  in  a  tank  of  practicable  dimensions 
forming  part  of  the  engine  would  suffice  for;  and,  therefore, 
either  the  tender  must  be  used,  or  recourse  must  be  had  to  some 
system  by  which  water  can  be  picked  up  while  the  train  is  run- 
ning. In  this  principle  apparently,  the  solution  of  the  problem 
must  be  sought,  and  Mr.  Eamsbottom's  labours  have  already  been 
attended  with  so  much  success  that  we  are  disposed  to  believe 
that  by  the  extended  adoption  of  the  water  trough,  tank  engines 
may  be  rendered  capable  of  performing  the  longest  runs  ever  re- 
quired with  aU  the  ease  and  certainty  desirable." 

After  pointing  out  the  desirabihty  of  carrying  out  Mr.  Rams- 
bottom's  plan,  and  considering  the  difficulties  attendant  upon  its 
adoption  in  certain  distances  and  how  they  can  be  overcome,  the 
writer  proceeds  to  the  character  of  the  engines  : — "  Esthetically 
speaking,"  he  says,  "  a  tank  engine  is  seldom  handsome.  The 
machine  requires  skilful  artistic  treatment  to  compensate  for  the 
absence  of  the  tender.  As  far  as  mere  beauty  of  outline  is  con- 
cerned, however,  the  taste  of  the  engineers  will  be  offended  by 
an  outside  cylinder  engine,  with  a  rather  long  foot-plate,  and  the 
tank  disposed  beneath  it  and  the  barrel  of  the  boiler.  There  is 
a  practical  objection,  however,  to  this  arrangement,  in  the  fact 
that  the  water  has  to  rise  to  the  feed  pumps  or  the  injector.  The 
feed  pumps  of  locomotives  commonly  give  but  little  trouble, 
catching  hold  readily  when  required,  simply  because  the  water  in 
the  tender  flows  directly  into  their  barrels  by  its  own  gravity. 
Every  leak  in  the  suction  (1)  pipe  is  a  water,  not  an  air  leak ;  and 
even  when  the  engine  is  at  rest,  by  opening  the  pet  cock,  water 
can  be  caused  to  flow  directly  through  the  pump,  expelling  the 
air.  Under  such  conditions  the  pumps  would  feed  water  at  212 
deg. ;  and  they  frequently  do  it,  too.  A  hft  of  even  a  couple  of 
feet,  however,  from  a  tank  below  instead  of  above  the  foot-plate, 
alters  the  state  of  affairs  materially,  and  thus  the  feed  apparatus 
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of  such  engines  often  gives  a  great  deal  of  trouble.  It  is  un- 
doubtedly better,  in  a  mechanical  point  of  view,  to  arrange  the 
tanks  on  either  side  of  the  engine  above  the  frames,  and,  under 
proper  treatment,  a  very  good  result,  artistically  speaking,  may 
be  so  produced.  While  such  a  system  is  available,  it  is  not 
easy  to  see  on  what  grounds  the  use  of  the  saddle  tank  can  be 
excused.  It  is  of  all  others  the  ugliest  arrangement  which  can 
be  adopted,  at  the  same  time  that  it  is  in  several  ways  the  most 
inconvenient  and  unmechanicaL  Whatever  system  may  be  de- 
cided upon,  it  is  almost  needless  to  say  that  it  must  be  one  to 
which  the  scoop  is  applicable ;  a  condition,  by  the  way,  which 
fortunately  precludes  the  use  of  the  saddle  tank.  In  skilful 
hands,  we  see  little  reason  to  doubt  that  in  the  development  of 
Mr.  Eamsbottom's  system  will  yet  be  found  a  means  of  super- 
seding the  tender,  by  engines  carrying  somewhere  about  a  ton 
more  than  would  otherwise  be  necessary,  in  the  shape  of  tanks 
and  coal  bunkers.  The  advantages  Ukely  to  ensue  are  too 
apparent  to  require  further  comment  at  our  hands  just  now." 

This  paper  was  followed  by  one,  under  date  May  12,  1865, 
with  an  acticle,  of  which  we  give  an  abstract  in  next  paragraph. 
This  article  gave  rise  to  a  very  hvely  and  unusually  protracted 
discussion  in  the  pages  of  the  "  Engineer,"  to  which  we  refer 
the  reader  interested  in  the  subject. 

61.  On  Condensing  Locomotive  Engines.  (By  Zerah  Colburu, 
Memb.  Inst.  C.E.) — After  pointing  out  that,  although  loco- 
motives are  worked  at  nearly  three  times  the  boiler  pressure  used 
thirty  years  ago,  still  the  average  cylinder  pressure  is  not  now 
much  greater  than  it  was  then  ;  say,  on  an  average,  40  lbs.  upon 
the  square  inch  of  piston.  This  arises  from  a  variety  of  causes  ; 
and  of  this,  the  loss  from  total  back  pressure  amounts  to  more 
than  one-fourth  of  aU  the  steam  generated.  "  That  is,  from  15  to 
18  lbs.  of  the  total  pressure  upon  the  pistons  is  absolutely  lost, 
in  addition  to  whatever  steam  may  be  in  the  cylinder,  in  excess 
of  the  back  pressure,  at  the  moment  when  the  exhaust  port 
begins  to  open.  It  is,  virtually,  this  excess  of  pressure  above 
the  back  pressure,  which  gives  force  to  the  steam  blast.  Thus, 
steam  of  40  lbs.  above  the  atmosphere  escapes  into  the  air  with 
a  velocity  of  more  than  1,650  ft.  per  second,  and  steam  of  even 
10  lbs.  pressure  has  an  effluent  velocity  of  more  than  1,200  ft. 
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per  second.     After  the  steam  has  fallen  to  the  minimum  back 
pressure,  the  motion  of  the  pistons  still  forces  out  what  is  left 
with  considerable  velocity.       Thus,   with    two  16   in.   pistons, 
moving  with   an  average  velocity  of  900  ft.  per  minute,  the 
waste   steam    pumped   out  by  them,  after  the  evacuation   by 
exhausting,  would  pass  through  a  4  in.  blast-pipe  mth  a  velocity 
of  480  ft.  per  second ;  and  this  rush  of  waste  steam  must  assist 
in  keeping  up  the  draught,  although  its  effect  is  altogether  in- 
ferior to  that  of  the  steam  exhausted  by  its  own  elasticity.     If 
the  steam  thus  pumped  up  the  chimney  were   condensed,   at 
the  moment  when  the  exhaust  steam  had  fallen  to  the  ordinary 
limit  of  back  pressure,  thus  leaving  the  draught  to  be  maintained 
by  the  voluntary  exhaust  alone,  a  direct  removal  of  say  12  lb. 
per  square  inch  from  the  load  upon  the  pistons  would  result ;  a 
diminution  which,  with  16  in.  cylinders,  22  in.  stroke,  and  6  ft. 
wheels,  would  correspond  to  an  additional  tractive  force  of  939 
lb.,  sufficient  for  the  draught  of  nearly  40  tons  over  a  good  level 
line  at  a  speed  of  40  miles  per  hour.     Or,  if  this  increase  of 
power  was  not  desired,  the  steam  might  be  worked  more  ex- 
pansively, or  at  a  lower  pressure,  or  in  smaller  cylinders ;  and,  in 
any  case,  a  saving  in  the  total  quantity  of  steam  required  would 
be  effected,  a  saving  equal  to  the  amount  of  steam  usefully  con- 
densed.    The  plan  of  throwing  the  exhaust  steam  into  the  air 
until  it  has  fallen  to  the  pressure  of  the  atmosphere,  and  then 
condensing  the  remainder,  has  been  often  proposed,  but  not  in 
connection  with  locomotive  engines,  where  the  advantage  from 
such  a  practice  would  be  greatest.     Such  a  system  of  partial 
condensation  is  described  in  an  old  patent.  No.  5,857,  and  in  a 
later  one,  No.  12,783,  and  it  is  figured  in  Dr.   Alban's  work  on 
the  high-pressure  engine.     The  object,  in  at  least  one  of  these 
cases,  appears  to  have  been  the  saving  of  condensing  water, 
which  would  be  of  great  importance  on  a  locomotive  engine, 
while  the  exhaust  of  the  steam,  down  to  atmospheric  pressure, 
in  the  ordinary  manner  up  the  chimney,  would  still  provide  for 
the  draught.     If  the  draught  were  found  to  be  weakened  from 
the  loss  of  the  back  pressure  steam,  now  pumped  up  the  cliimney, 
it  is  probable  that  the  loss  would  be  more  than  compensated  by 
employing  an  annular  blast-pipe,  say  8  in.  in  external,  and  7  in. 
in  internal,  diameter  of  the  orifice  ;  thus  nearly  quadrupling  the 
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surface  of  action  of  the  steam  upon  the  waste  gases  in  the 
smoke-box,  as  compared  with  a  4  in.  blast-pipe.  When  live 
steam  is  employed  as  a  '  blower '  in  the  chimney,  its  effect  is 
known  to  be  greatly  increased,  in  proportion  to  the  quantity 
used,  by  discharging  it  in  a  number  of  small  jets,  the  real  ad- 
vantage of  which  is  their  comparatively  extended  surface  of 
action ;  and  the  same  effect  should  result  by  discharging  the 
same  quantity  of  steam  in  a  thin  sheet  or  ring,  having  the  same 
total  surface.  By  making  the  blast-pipe  orifice  annular,  the  in- 
ductive or  exhausting  effect  of  the  steam  would  be  increased  by 
the  extension  of  the  surface  of  action ;  while,  with  the  same 
total  area  of  opening,  the  back  pressure  would  not  be  increased. 
The  tube  forming  the  inner  circle  of  the  blast  orifice  should  be 
open  at  the  bottom,  so  that  a  portion  of  the  hot  gases  could  be 
drawn  directly  through  it,  and  carried  up  the  chimney  sur- 
rounded with  waste  steam.  This  tube  should  be  easily  re- 
movable, so  as  to  permit  of  clearing  out  the  hard  carbonaceous 
scale  which  often  forms  in  blast-pipes.  Fragments  of  this  scale, 
handed  to  me  by  Mr.  Maw  of  the  Great  Eastern  Railway,  are 
1^  in.  thick.  Whether  it  be  wholly  a  concretion  from  the 
tallow  supplied  to  the  cyhnders  (for  it  is  freely  combustible),  or 
whether  it  is  partly  formed  of  soot  precipitated  in  the  blast-pipe 
when  the  engine  is  standing  with  a  newly-made  fire,  it  is  not 
easy  to  determine. 

"  If  the  steam  were  condensed  in  a  locomotive  engine  down  to 
a  pressure  of  1  lb.  above  a  vacuum,  or  to  a  temperature  of,  say 
100  degrees,  something  of  the  advantage  thus  derived  would  be 
lost  by  the  cooling  of  the  cylinder,  or  at  least  its  inner  surface, 
to  that  temperature.  But,  at  considerable  piston  speeds,  this 
condensation,  so  far  as  it  can  be  estimated  from  that  in  the 
cylinders  of  fixed  engines  working  under  like  circumstances, 
would  not  be  great,  nor  would  it  greatly  deduct  from  the  ad- 
vantage by  condensation. 

"  With  16  in.  cylinders,  2  ft.  stroke,  and  6^  ft.  wheels,  the 
quantity  of  steam  of,  say  slightly  more  than  atmospheric  pressure 
to  be  condensed,  would  be  about  1,560  cubic  feet  per  mile,  the 
corresponding  volume  of  water  being,  say  one  cubic  foot.  To 
condense  this  amount  of  steam  to  a  temperature  of  100  degrees 
would  require   22^  cubic  feet,  or   146   gallons  of  condensing 
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water  at  50  degrees.  Taking  the  consumption  of  water  for 
evaporation  as  20  gallons  per  mile,  tliat  required  for  condensa- 
tion would  exceed  it  nearly  7^  times.  The  feed  water  would,  of 
course,  be  taken  from  the  hot  condensing  water." 

The  writer  then  proceeds  to  show  a  modification  of  Rams- 
bottom's  plan  of  picking  up  water,  which  might  be  adopted  for  the 
supply  of  the  condensing  water,  and  proceeds  thus  : — "  At  a 
speed  above  1 1  miles  an  hour,  the  advancing  motion  of  the  train 
would  raise  water  from  the  trough  to  a  height  of  4  ft.,  and  this 
would  be  sufficient  for  the  purposes  of  the  condenser,  air-pump, 
and  injector.  The  water  would  be  raised  into  a  small  tank  of, 
say  200  gallons  capacity,  under  the  boiler  or  footplate.  Thence 
it  would  be  taken  directly  into  the  condenser,  and  from  the  hot 
well  the  requisite  quantity  of  feed-water  would  be  forced,  either 
by  a  pump  or  by  the  injector,  directly  into  the  boiler.  The  tank 
would,  as  a  rule,  be  kept  full  and  running  to  waste,  although 
this  would  be  capable  of  easy  regulation,  the  waste  water  flowing 
back  again  into  the  trough.  With  nearly  a  ton  of  water  always 
at  command,  any  incidental  loss  in  stopping,  or  in  running  over 
portions  of  the  line  where  the  trough  was  up,  would  be  com- 
pensated for. 

"  The  coal  would  be  carried  in  small  bunkers  upon  or  near  the 
footplate,  and  thus  the  tender,  as  a  separate  carriage,  would  be 
dispensed  with  wholly.  The  weight  of  a  small  tank  of  con- 
densing water,  of  a  supply  of  coal,  a  condenser,  air-pump,  and 
hot  well,  would  not,  altogether,  much  exceed  the  diminution  of 
weight  which  would  result  from  the  additional  disposable  power 
obtained  by  condensation.  In  other  words,  with  an  engine  in 
which  one-fourth  or  more  of  the  whole  power  now  pumped  up 
the  chimney  was  saved,  a  smaller  and  lighter  boiler  would  be 
required  to  generate  the  steam  for  a  given  power,  and  the  saving 
in  weight  thus  effected  would  nearly  or  quite  compensate  for  the 
extra  weight  of  the  condensing  apparatus,  and  even  for  the  con- 
densing water  and  coal  carried.  The  weight  of  the  tender, 
therefore,  would  be  wholly  saved,  say  from  8  to  12  tons  empty, 
besides  an  average  load  of  from  3  to  6  tons  of  coal  and  water, 
the  '  average  load '  being  always  one-half  the  weight  of  coal  and 
water  on  starting  full  on  a  journey 

"  Care  would,  of  course,  be  required  to  keep  the  water  trough 
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clean,  and  to  prevent  its  freezing  in  winter.  In  a  high  northern 
cUmate,  with  deep  snows  and  severe  frosts,  it  could  not  be 
adopted  in  the  manner  described.  The  engines  could  be  equally- 
worked  without  condensation,  and  the  line  would  equally  permit 
of  working  the  engines  with  tenders,  whatever  provisions  might 
be  made  for  dispensing  witli  the  latter.  The  engines  would 
have  a  pump,  whereby  they  might  raise  water  from  the  trough 
when  standing. 

"  It  should  have  been  observed  at  an  earher  stage  in  the  pre- 
sent article,  that  a  single  slide  valve,  with  the  passage  employed 
in  Haswell's  valve,  and  covering  separate  exhaust  ports  to  the 
blast-pipe  and  condenser,  will  effect  the  required  disposal  of  the 
waste  steam,  sending  part  of  it  up  the  chimney,  and  the  rest 
into  the  condenser. 

"  It  will  be  remembered  that,  but  a  very  few  years  ago,  it 
would  have  been  thought  impracticable  to  supply  locomotive 
tenders  with  water  from  fixed  troughs  while  the  train  was  in  ra- 
pid motion.  The  idea  had  been  often  broached,  and  it  had  been 
made  the  subject  of  an  early  American  patent.  It  was  reserved 
for  Mr.  Ramsbottom  to  mature  the  plan  to  an  extent  admitting 
of  its  adoption  in  working  the  traffic  of  the  greatest  hne  of  rail- 
way in  the  world.  There  was  much — very  much — to  be  worked 
out  in  the  light  of  experience,  and,  unquestionably,  in  the  present 
proposition,  as,  indeed,  with  almost  everything  new,  there  would 
be  much  to  be  fixed  from  the  results  of  practical  trial  But  if 
water  can  be  kept  always  clean  and  liquid  in  troughs  a  quarter  of 
a  mile  long,  why  can  it  not  in  troughs  over  an  entire  line  1  And 
if  a  scoop  will  take  it  up  properly  from  one  short  trough,  why 
will  it  not  take  up  a  very  much  smaller  quantity  from  each  one 
of  a  continuous  series  of  short  troughs?  So  far  as  the  mechani- 
cal details  are  concerned,  they  are  all  practicable,  and  are,  indeed, 
already  matured,  almost  as  far  as  they  well  can  be  without  trial 
on  the  large  scale.  "When  really,  if  ever,  brought  into  use,  the 
whole  system  must  be  worked  out  by  locomotive  superintendents 
themselves,  who  should  be  able  to  do  as  much  without  the  instiga- 
tion of  patentees.  Whether  the  details  already  suggested  should  or 
should  not  be  found  preferable,  it  is  as  demonstrable  as  anything  in 
the  mathematics  of  railways  can  be,  that  to  save  the  whole  cost, 
weight,  haulage,  and  repairs  of  the  tender  would  be  to  save  a  very 
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considerable  cost  of  working.  A  tender  must  be  made  not  only 
to  take,  on  starting,  twice  its  average  load  over  a  given  distance 
— a  condition  but  seldom  imposed  upon  any  other  class  of  rolling 
stock — but  it  has  also  to  serve  as  a  distance  piece  between  the 
engine  and  train,  and  to  withstand,  therefore,  all  the  shocks  from 
sudden  starts  and  stops.  Hence  its  great  necessary  strength  and 
weight,  and  the  cost  of  working  it. 

"  It  is  true  that  the  system  now  proposed,  so  far  at  least  as  the 
continuous  water-supply  is  concerned,  does  not  necessarily  involve 
with  it  the  system  of  condensation.  But  if  a  continuous  supply 
of  water  can  be  had,  there  is  nothing  to  prevent,  and  everything 
in  favour  of,  the  condenser  and  air-pump.  In  a  goods  engine, 
with  18  in.  cylinders,  2  ft.  stroke,  and  5  ft.  wheels,  a  vacuum  of 
12  lb.  corresponds  to  1,555  lb.  of  additional  tractive  force,  equal 
to  the  draught  of  100  tons  at  ordinary  speeds  on  a  level.  It 
might  be  urged  that  a  goods  engine  would  often  run  at  too  slow 
a  rate  to  raise  water  into  a  tank  by  inertia  (for  it  is  inertia  alone 
which  causes  Mr.  Eamsbottom's  scoop  to  act).  The  speed  would 
have  to  be  very  slow  at  which  the  scoop  would  not  act,  however 
— less  than  12  miles  per  hour  for  low  lifts.  In  standing  over  a 
trough  the  engine  could  always  draw  from  it,  and  in  working  a 
speed  of  more  than  12  miles  per  hour  should  be  accumulated  be- 
fore a  tank  of  200  gallons  was  emptied.  An  engine  that  was 
nearly  helpless  with  its  load,  being  barely  able  to  crawl,  would, 
no  doubt,  be  compelled  to  stop  often  for  water,  but  such  an  en- 
gine would  have  no  right  upon  a  main  line  of  railway. 

"  The  resistance  opposed  by  a  sharp  scoop  receiving  a  column 
of  water  of  even  3  square  inches  of  section  would  be  almost  in- 
significant, even  at  high  speeds. 

"  Instead  of  a  feed  pump  the  tank  of  200  gallons  might  be 
made  as  a  drum,  or,  at  any  rate,  well  stayed,  and  a  vacuum  quickly 
formed  in  it,  when  it  would,  upon  making  the  proper  connec- 
tions, almost  instantly  fill  itself  from  a  trough  beneath  it. 

"  The  whole  system,  based,  as  it  would  be,  upon  the  success 
obtained  by  Mr.  Eamsbottom,  will,  no  doubt,  yet  receive  the  at- 
tention of  railway  engineers,  who,  by  perfecting  and  adopting  it, 
will  assuredly  contribute  in  no  small  degree  to  the  more  econo- 
mical working  of  railways." 

62.  On  the  Distribution  of  Weight  on  the  Axles  of  Locomotives. 
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— From  a  paper  read  by  Mr.  John  Robinson  of  Manchester,  be- 
fore the  Mechanical  Engineers'  Society,  we  take  the  following 
extracts : — "  Amongst  the  causes  affecting  the  steadiness  of  loco- 
motive engines  in  motion,  and  thereby  also  the  general  steadiness 
of  trains  on  railways,  the  distribution  of  weight  upon  the  various 
axles,  it  is  believed,  has  not  received  the  amount  of  consideration 
the  subject  deserves.  There  are  numerous  circumstances  which 
must  necessarily  be  taken  into  consideration  for  determining  the 
position  of  the  axles  of  an  engine  relatively  to  its  general  mass. 
The  most  important  object  is  to  obtain  sufficient  weight  upon 
the  driving  wheels,  whether  single  or  coupled,  for  giving  the 
amount  of  adhesion  necessary  to  draw  the  load  and  ascend  the 
gradients  for  which  the  engine  is  to  be  adapted;  and  another 
consideration  of  great  importance  in  fixing  the  position  of  the 
axles  is  the  number  and  sharpness  of  the  curves  on  the  road  along 
which  the  engine  has  to  pass.  These  two  conditions  naturally 
influence  the  distance  between  the  several  axles  of  the  engine, 
especially  the  extreme  ones,  the  distance  between  which  is  called 
the  '  wheel  base.' 

"These  two  main  conditions,  of  the  weight  on  the  driving 
wheels  and  the  nature  of  the  curves  on  the  line,  being  fixed,  the 
question  arises  how  best  to  distribute  the  weight  of  the  engine 
on  its  axles.  Locomotives  in  general  may  be  divided  for  the 
present  purpose  into  fifteen  classes,  each  of  which  presents  differ- 
ent obstacles  to  obtaining  a  proper  distribution  of  weight  upon 
the  axles.  The  figures  indicating  the  weights  at  the  several 
axles  are  taken  with  an  ordinary  working  quantity  of  water  and 
fuel  in  the  boiler  and  fire-box,  and  in  the  tank  engines,  with  the 
tanks  fully  loaded." 

After  describing  the  four-wheeled  engines  usually  employed  for 
mineral  traffic,  the  writer  proceeds  to  the  class  of  engine  employed 
for  passenger  traffic.  This  has  "six  wheels  all  uncoupled,  the 
middle  or  driving  axle  being  placed  under  the  cylindrical  part 
of  the  boiler,  in  front  of  the  fire-box,  the  leading  axle  behind  the 
cylinders,  and  the  hind  axle  behind  the  fire-box.  In  arranging 
an  engine  of  this  description,  it  is  usually  sought  to  have  the 
greatest  weight  upon  the  middle  axle,  then  a  less  weight  upon 
the  leading,  and  a  still  less  weight  upon  the  hind  axle ;  but  to 
have  these  weights  tiot  so  disproportionate  as  that  it  shall  be  im- 
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possible  to  vary  the  weight  upon  the  middle  axle,  within  a  mo- 
derate range,  by  a  corresponding  adjustment  of  that  upon  the 
leading  axle.  In  this  respect  the  inside-cylinder  arrangement 
presents  an  advantage  over  that  with  outside  cylinders;  since 
the  leading  axles  in  inside-cylinder  engines  can  be  placed  much 
nearer  to  the  smoke-box,  and  the  weight  upon  it  thereby  dimin- 
ished, on  account  of  the  cylinders  not  interfering  with  the  leading 
wheels,  as  in  outside-cylinder  engines.  The  connecting-rod  also 
is  then  capable  of  being  made  longer,  in  consequence  of  the  in- 
creased distance  from  the  smoke-box  at  which  the  middle  axle 
may  be  placed  without  throwing  too  much  weight  upon  the  lead- 
ing axle,  which,  in  engines  with  short  boilers,  is  often  a  matter 
of  considerable  importance.  It  may  be  remarked,  that  the  ar- 
rangement of  uncoupled  engines  with  all  the  axles  under  the  cy- 
lindrical part  of  the  boiler  is  now  almost  discarded,  at  least  in 
this  country;  since  they  are  found  to  be  so  unsteady,  in  conse- 
quence of  the  overhanging  weight  of  the  fire-box,  that  high 
speeds  cannot  be  safely  accomplished  with  them. 

"  In  an  example  of  inside-cylinder  passenger  engine,  having 
cylinders  15  in.  diameter  by  20  in.  stroke,  middle  wheels  5  ft. 
6  in.  diameter,  and  leading  and  hind  wheels  3  ft.  6  in.  diameter, 
the  total  weight,  being  2 6  06  tons,  was  distributed  as  follows: — 
leading  axle,  8*16  tons;  middle  axle,  10 '10  tons;  hind  axle, 
4*80  tons;  total  adhesion  weight,  lO'lO,  the  weight  required  for 
adhesion  being  14 '4  8  tons. 

"  The  construction  of  uncoupled  engines  with  tanks  is  not  of 
very  frequent  occurrence.  As,  however,  many  such  engines  were 
made  formerly,  the  distribution  of  one  is  given,  with  the  tank 
placed  under  the  footplate  behind  the  fire-box :  inside  cylinders, 
15  in.  diameter  by  20  in.  stroke,  middle  wheels  5  ft.  6  in.  dia- 
meter, leading  and  hind  wheels  3  ft.  6  in.  diameter.  The  distri- 
bution was  : — leading  axle,  7 '35  tons;  middle  axle,  10 "25  tons; 
hind  axle,  6 '95  tons;  total  adhesion  weight,  10' 25  tons — the 
weight  required  for  adhesion  being  14*48  tons.  The  placing  of 
a  tank  under  the  cylindrical  portion  of  the  boiler  in  an  outside 
cylinder  uncoupled  engine  simply  tends  to  increase  the  weight 
upon  the  leading  axle,  already  too  heavily  loaded,  and  has  not 
been  extensively  adopted  within  the  range  of  the  writer's  obser- 
vation. 
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*'  During  the  past  few  years  there  has  existed  in  this  country 
a  growing  tendency  to  adopt  engines  with  four  coupled  wheels 
for  the  passenger  trains  on  the  great  trunk  lines,  and  for  the 
mixed  trains  on  shorter  and  branch  railways.  In  the  former 
case,  in  consequence  of  the  great  number  of  passenger  carriages 
required  in  many  of  the  trains ;  and  in  the  latter,  owing  to  the 
desirability  of  having  engines  of  sufficient  power  to  work  trains 
composed  partly  of  passengers  and  partly  of  goods.  In  most 
cases  such  engines  have  been  built  with  small  leading  wheels, 
and  with  the  middle  and  hind  wheels  coupled,  under  the  impres- 
sion that  it  is  safer  to  run  at  high  speeds  with  wheels  of  small 
diameter  in  front  than  if  their  size  was  such  as  is  usually  em- 
ployed when  coupled  for  driving.  In  regard  to  the  best  distri- 
bution of  weight  upon  the  axles  of  such  engines,  it  is  evident 
that  the  difficulty  is,  whether,  in  the  case  of  inside  or  outside  cy- 
linder engines,  to  get  a  fair  proportion  of  weight  upon  the  hind 
wheels,  so  as  to  justify  their  being  coupled  to  the  middle  wheels, 
assuming  the  position  of  the  hind  axle  to  be  behind  the  fire-box. 
And  to  show  that  this  question  is  not  easy  of  solution,  the  fol- 
lowing instances  are  given  of  the  distribution  of  weight  upon  the 
axles  of  such  engines. 

"  Coupled  passenger  engine  with  outside  cylinders,  1 6  in.  diame- 
ter by  22  in.  stroke,  middle  and  hind  wheels  coupled  5  ft.  7  in. 
diameter,  leading  wheels  3  ft.  7  in.  diameter — total  weight  31  "60 
tons:  of  which  the  distribution  is: — leading  axle,  10 "80  tons; 
middle  axle,  11  "85  tons;  hind  axle,  8*95  tons;  total  adhesion 
weight,  20*80  tons — the  weight  required  for  adhesion  being 
17 '83  tons.  In  this  engine  a  heavy  cast-iron  block  was  added, 
forming  the  foot-plate  in  order  to  obtain  the  above  distribution 
of  the  weight. 

"  "When  it  is  desired,  as  is  not  unfrequently  the  case,  to  con- 
struct such  engines  for  carrying  their  own  supply  of  fuel  and  wa- 
ter, it  is  easy  so  to  arrange  the  position  of  the  tanks  as  to  get  an 
excellent  distribution  of  weight  upon  the  wheels ;  and  if  the  tanks 
be  conveniently  placed  on  the  side  frames,  pretty  equally  over 
the  coupled  axles,  the  loading  and  unloading  of  the  coupled 
wheels,  in  moderately  equal  proportions,  is  secured,  when  the 
tanks  are  first  filled,  and  afterwards  gradually  emptied,  by  the 
supply  to  the  boilers;  whereas,  when  the  tank  is  placed  under 
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the  foot-plate,  the  hind  axle  has  a  much  larger  proportion  of  the 
gross  weight  of  the  engine  to  carry  when  the  tank  is  full  than 
when  it  is  empty.  The  weights  obtained  in  an  engine  of  this 
class,  with  cylinders  15  in.  diameter  by  20  in.  stroke,  middle  and 
hind  wheels  5  ft.  0  in.  diameter,  leading  wheels,  3  ft.  6  in.  diame- 
ter, have  been: — leading  axle,  8*50  tons;  middle  axle,  10 '13 
tons;  hind  axle,  9 '51  tons;  total  adhesion  weight,  19*64  tons — 
the  weight  required  for  adhesion  being  15*94  tons. 

"  One  of  the  most  generally  useful  classes  of  engine  for  the 
common  purposes  of  railways  is  the  six -wheeled  engine,  having 
the  four  front  wheels  coupled,  since  it  can  be  used  for  ordinary 
goods  trains,  or  for  heavy  passenger  trains  when  not  run  at  too 
great  a  speed.  The  advantage  of  such  an  arrangement  of  engine, 
if  made  with  inside  cylinders,  is  that  nearly  the  whole  weight  of 
the  engine  may  be  conveniently  distributed  upon  the  four  coupled 
wheels,  leaving  but  a  small  proportion  for  the  hind  wheels,  which, 
in  this  case,  do  little  more  than  serve  to  avoid  the  disadvantages 
of  an  overhanging  lire-box.  The  following  is  a  good  example  of 
distribution  of  weight  on  the  axles  of  an  engine  of  this  class,  with 
inside  cylinders  16  in.  diameter  by  22  in.  stroke,  leading  and 
middle  wheels  5  ft.  0  in.  diameter,  hind  wheels  3  ft.  6  in.  diame- 
ter:— leading  axle,  9*77  tons;  middle  axle,  10*27  tons;  hind 
axle,  4*42  tons;  total  adhesion  weight,  20*04  tons — the  weight 
required  for  adhesion  being  19*91  tons 

"  Engines  of  this  class  are  sometimes  required  to  carry  their 
own  supply  of  water  and  fuel;  in  which  case  it  seems  most  de- 
sirable to  place  the  water  tank  on  the  top  of  the  boiler,  so  as  to  in- 
crease the  load  proportionately  on  the  coupled  wheels,  and  let  the 
hind  wheels  carry  the  increased  weight  involved  in  the  fuel  boxes 
and  fuel.  The  distribution  of  weight  in  a  *  saddle '  tank  engine, 
having  inside  cylinders  14  in.  diameter,  by  20  in.  stroke,  leading 
and  middle  wheels  4  ft,  9  in.  diameter,  is: — leading  axle,  9*60 
tons;  middle  axle,  11*24  tons;  hind  axle,  5*07  tons;  total  ad- 
hesion weight,  20*84  tons — the  weight  required  for  adhesion  be- 
ing 14*59  tons.  Should  it  be  desired  to  add  tanks  to  engines  of 
this  class  with  outside  cylinders,  it  is  clear  that  a  certain  amount 
of  the  superfluous  weight  upon  the  leading  wheels  might  be 
counterbalanced  by  placing  the  tank  under  the  foot-plate ;  but 
the  disadvantage  would  still  continue  of  disproportionately  loaded 
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axles,  according  as  there  was  a  greater  or  less  quantity  of  water 
in  the  tank. 

"  The  next  class  of  engines  to  be  referred  to  is  that  used  for 
heavy  goods  traffic  with  all  six  wheels  coupled.  Such  engines, 
constructed  with  inside  cylinders,  are  very  common,  though  a 
good  distribution  of  weight  upon  their  axles  is  not  easy,  since 
the  hind  axle,  when  placed  behind  the  fire-box,  has  naturally  but 
a  comparatively  very  small  proportion  of  the  weight  of  the  engine 
to  carry ;  and  if,  in  order  to  obviate  this  disadvantage,  it  is  sought 
to  move  the  middle  axle  nearer  to  the  cylinders,  the  due  length  of 
the  connecting  rod  is  sacrificed  unless  the  length  of  the  boiler  be 
increased,  giving  a  corresponding  increase  in  the  wheel  base  of  the 
engine ;  which,  in  railways  having  sharp  curves,  is  by  no  means 
desirable,  especially  in  an  engine  having  all  the  wheels  coupled. 
A  favourable  distribution  of  weight  in  an  engine  of  this  kind 
with  inside  cylinders,  16  in.  diameter  by  24  in.  stroke,  and  wheels 

5  ft.  l-J  in.  diameter,  is: — leading  axle,  10*60  tons;  middle  axle, 
10 "90  tons;  hind  axle,  7*25  tons:  total  adhesion  of  weight, 
28*75  tons — the  weight  required  for  adhesion  being  21*18  tons, 
and  the  wheel  base  1 6  ft.  3  in. 

"  As  a  mean  between  the  extremes  of  the  last  two  examples, 
stands  the  six-wheeled  goods  engine,  with  long  fire-box,  having 
the  grate  sloping  upwards  from  front  to  back.  In  this  case  the 
wheel  base  is  shortened,  and  the  weight  on  the  hind  axle,  which 
is  placed  under  the  ashpan,  is  increased,  as  compared  with  engines 
having  the  hind  coupled  axle  behind  the  fire-box.  The  distribu- 
tion of  weight  in  such  an  engine,  with  inside  cylinders  1 7  in.  dia- 
meter by  24  in.  stroke,  and  wheels  5  ft.  diameter,  has  been: — 
leading  axle,  10*64  tons;  middle  axle,  ir57  tons;  hind  axle, 
9 '7 3  tons:  total  adhesion  weight,  31*94  tons — the  weight  re- 
quired for  adhesion  being  2 4 '5  3  tons,  and  the  wheel  base  15  ft. 

6  inches. 

"With  regard  to  the  general  principles  of  distribution  of  weight 
upon  the  axles  of  six-wheeled  locomotive  engines,  it  seems  to  be 
the  common  opinion  that  the  middle  axle,  to  which  the  power  is 
first  applied  from  the  cylinders,  should  carry  the  greatest  weight, 
and  next  to  this  the  leading  axle,  thus  leaving  the  lightest  load 
to  be  borne  by  the  hind  axle ;  this  arrangement  being  thought 
desirable,  with  a  view  to  keep  the  front  of  the  engine  heavier  on 
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on  the  rails  than  the  hind  end,  and  so  secure  it  from  risk  of 
jumping  off.  The  writer  would,  however,  suggest  whether  such 
a  necessity  for  placing  a  greater  load  on  the  leading  than  on  the 
hind  axle  really  exists  ;  since  it  seems  unlikely  that  any  engine, 
with  a  reasonable  weight  upon  the  leading  axle,  and  consequently 
with  a  reasonably  strong  spring  for  keeping  the  wheels  down  on 
the  road  in  the  event  of  blows  being  received,  could  ever  leave  the 
line  merely  because  the  hind  axle  carried  a  greater  amount  of  weight 
than  the  leading  axle.  It  should  further  be  remembered,  that 
in  all  cases  where  the  hind  wheels  of  an  engine  are  coupled,  and 
the  leading  wheels  not  so,  an  arrangement  which  is  becoming 
more  and  more  frequent,  it  is  absolutely  desirable,  in  order  to 
obtain  the  maximum  adhesion,  that  the  hind  coupled  wheels 
should  carry  a  weight  nearly  equal  to  that  upon  the  middle 
wheels,  and  consequently  greater  than  that  usually  placed  upon 
the  leading  wheels.  In  this  respect  there  is  a  disadvantage  in 
the  employment  of  engines  with  outside  cylinders,  because  of  the 
greater  weight  of  the  front  part  of  the  engine  in  that  arrangement, 
and  the  consequent  loss  of  a  larger  proportion  of  the  total  weight 
for  adhesion.  This  objection  applies  only  to  outside  cylinder 
engines  having  their  leading  wheels  uncoupled ;  but,  on  the  other 
hand,  to  couple  the  leading  wheels  of  such  engines  involves  con- 
siderable complications  and  difficulties. 

"  Another  point  of  interest  connected  with  the  distribution  of 
the  weight  is  the  effect  produced  upon  the  stability  of  a  locomo- 
tive by  the  difference  between  the  portion  of  weight  carried  upon 
each  spring  and  the  total  weight  carried  by  the  rail  at  each 
wheel;  in  all  the  preceding  examples  of  distribution  that  have 
been  given,  the  weights  stated  are  those  upon  the  rails  at  each 
axle.  In  engines  with  inside  cylinders  this  difference  is  often 
very  considerable,  and  must  exercise  a  great  influence  on  the  ten- 
dency to  rise  and  fall  on  the  springs ;  and  often  when,  in  taking 
account  of  the  weight  upon  the  rails  only,  the  front  pair  of  wheels 
is  found  to  press  upon  the  rails  with  a  less  weight  than  the  hind 
wheels — the  fact  is  lost  sight  of  that  the  weight  upon  the  lead- 
ing springs  is  greater  than  upon  the  hind  pair,  and  the  tendency 
to  leave  the  road  is  consequently  diminished  in  front.  This 
arises  from  the  circumstance  that,  in  the  case  of  the  middle  and 
hind  coupled  wheels,  the  weight  of  the  parts  not  carried  by  the 
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springs — namely,  the  wheels,  axles,  axle-boxes,  springs,  and  gear- 
ing— is  greatly  in  excess  as  compared  with  the  weight  of  the 
corresponding  parts  not  carried  by  the  front  springs." 

SECTION  THIRD^ MARINE  ENGINES. 

63.  On  Marine  Engines,  from  1851  to  the  Present  Time. — 
The  principal  feature  of  the  year,  so  far  as  regards  papers  read 
before  our  scientific  societies  on  the  subject  of  the  present  Divi- 
sion is  concerned,  was  that  under  the  above  title,  by  Mr.  N.  P. 
Burgh,  before  the  Society  of  Arts.  From  the  great  length  of 
this  exhaustive  paper,  it  is  impossible  to  find  space  for  it  within 
the  necessarily  narrow  limits  of  our  volume.  We  can,  therefore, 
only  refer  the  reader  to  periodicals,  as,  for  instance,  the  "  Civil 
Engineer  and  Architects'  Journal,"  where  it  was  reported  in  ex- 
tenso,  and  give  here  and  there  an  extract  of  some  of  its  most 
interesting  departments.  Mr.  N.  P.  Burgh,  after  comparing  the 
marine  engines  exhibited  at  the  Great  Exhibition  of  1851  with 
those  in  1862,  proceeds,  for  those  readers  who  are  not  profes- 
sional engineers,  or  who  may  not  be  connected  practically  with 
this  department,  to  specify  the  necessary  component  parts  of  a 
pair  of  marine  engines  of  the  present  day.  These,  he  says, 
"  consist  of  cylinders,  pistons,  slide  valves,  piston  rods,  shde 
casings,  expansion  valves,  blow-through  valves,  piston  rod  guides, 
connecting  rods,  cross  heads,  main  frames,  crank  shaft,  eccentrics, 
rods,  links,  valve  rods,  guides,  condensers,  air-pumps  and  valves, 
injection  valves,  shifting  valves,  discharge  valves,  bilge  and  feed 
pumps,  valves  for  the  same,  starting  gear  and  turning  gear,  lubri- 
cators, and  all  the  necessary  levers,  bolts,  nuts,  &c.  It  will  thus 
be  seen  that  marine  engineers  have  more  difficulties  to  contend 
with  than  is  generally  known.  To  understand  the  use  and  real 
character  of  each  of  the  above  details  is  not  the  work  of  weeks 
or  months,  but  years.  It  should  not  be  forgotten  either,  that  the 
honour  of  our  nation,  and  the  lives  of  its  representatives,  are 
often  in  the  hands  of  the  marine  engineer.  I  will  now  proceed 
with  the  descriptive  illustration  of  details,  showing  defects,  im- 
provements, and  suggestions  for  the  future,  commencing  with 
slide  valves. 

These  valves  govern  the  entree  and  exhaust  of  the  steam  to 
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and  from  the  cylinders.  Two  kinds  or  classes  of  valves  are  now 
universally  used,  the  common  and  the  equilibrium ;  the  former 
is  so  well  known  that  a  description  of  it  is  scarcely  necessary.  I 
will  only  observe  that  its  use  for  larger  engines  is  much  on  the 
decrease,  on  account  of  the  stroke  of  the  valve  being  due  to  its 
outside  lap,  which  for  large  ports  is  considerable.  Equilibrium 
valves  are  so  called  from  the  equal  action  of  the  steam  tending 
to  lift  the  valve  from,  as  well  as  to  press  it  on  its  facing.  These 
valves  are  double-ported  to  reduce  the  stroke.  One  firm  has 
lately  introduced  three-ported  valves,  to  still  further  reduce  the 
stroke.  In  order  to  reduce  the  friction  of  the  valves  on  the 
facings,  rings  are  used  encircling  the  body  of  the  valve,  adjust- 
ment being  gained  by  screws,  ratchets,  and  springs  to  prevent 
looseness.  In  some  cases,  a  communication  from  the  back  of  the 
valve  to  the  condenser  is  arranged,  to  still  further  reduce  the 
pressure  on  the  valve  facing.  Slide  rods  are  usually  one  to  each 
valve,  but,  latterly,  two  have  been  introduced  for  large  valves, 
which,  no  doubt,  greatly  assist  in  guiding  the  valve  during  its 
action. 

"  The  next  portion  in  rotation  will  be  that  for  working,  revers- 
ing, and  stopping  the  action  of  the  slide  valve,  universally  known 
as  the  '  valve-link  motion.'  .  .  .  The  object  of  the  link  motion  is  to 
reverse  the  action  of  the  slide  valve  without  disconnection.  The 
links  now  in  use  are  of  two  kinds,  slotted  and  solid.  The  slotted 
link  has  the  sliding  block  within  it,  whereas  that  of  the  solid 
kind  slides  within  the  block.  The  means  adopted  for  raising 
and  lowering  the  link  are  various.  One  maker  prefers  to  use  a 
lever,  secured  on  a  weigh-shaft,  passing  over  the  front  part  of  the 
cylinders,  motion  being  given  by  a  worm  and  wheel,  the  former 
being  keyed  on,  or  forming  part  of  the  starting  wheel  shaft. 
Another  firm  deems  it  better  to  impart  motion  to  the  lever  by 
a  ratchet  and  pinions.  A  third  authority  raises  and  lowers  the 
link  by  a  rod  connected  to  a  block  surrounding  a  coarsely-pitched 
screw,  motion  being  given  to  the  screw  by  mitre  gearing ;  whilst 
another  firm  prefers  to  fix  the  block,  with  the  screw  to  be 
elevated  and  lowered.  These  two  last  are  undoubtedly  the  most 
powerful  of  the  examples  given. 

"  The  systems  at  present  adopted  for  guiding  the  slide  valve 
rod  are  of  three  kinds.     First,  the  dove-tailed  guide,  similar  to 
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that  used  by  tool-makers  for  the  arm  of  a  shaping  machine. 
Secondly,  a  block  of  gun  metal  sliding  on  two  fixed  turned  rods 
as  guides  over  and  under  the  valve  rod.  Thirdly,  the  valve  rod 
secured  to  a  square  bar,  working  in  a  bracket,  and  cap  to  corre- 
spond. This  last  may  be  said  to  be  the  most  simple,  but  perhaps 
not  so  rigid  as  the  first  example.  The  double  guides  are  com- 
plicated, but  at  the  same  time  produce  the  rigid  resistance  to 
the  strains  imposed  on  the  valve  rod  by  the  vibration  of  the 
link. 

Some  makers  of  marine  engines  prefer  to  allow  the  link  to  rest 
or  hang  on  the  block  pin,  inserted  in  the  lever  of  the  sHde  rod 
weigh-shaft.  Such  a  practice  dispenses  with  guides.  Excessive 
vibration  of  the  link  on  or  in  its  block  greatly  deteriorates  the 
action  of  the  valve,  it  being  understood  that,  whilst  the  link  has 
an  ascending  or  descending  motion,  as  well  as  sUding,  the  strain 
on  the  valve  rod  is  increased,  and,  at  the  same  time,  the  stroke 
is  aff'ected.  The  excess  of  the  vibratory  motion  is  painfully  per- 
ceptible in  the  ordinary  slotted  link ;  the  eccentric  rods  being 
connected  beyond  the  block  pin,  a  direct  action  cannot  ensue. 
The  distance  between  the  centres  of  the  eccentric  rods  and  block 
regulates  the  amount  of  indirect  action.  Links  of  this  kind  are 
often  hung  from  a  rod  connected  in  the  centre  to  the  link,  either 
to  the  clip  or  at  the  back.  This  is  far  better  than  at  the  lower 
end,  as  the  connection  of  the  suspension  rod  regulates  the  ascend- 
ing and  descending  motion  of  the  link  whilst  at  work.  The  Hnk 
resting  on  the  block,  when  for  going  ahead,  obviates  to  a  certain 
extent  some  of  the  evils  alluded  to.  The  gain  by  the  introduc- 
tion of  the  solid  link,  with  the  eccentric  rods  connected  at  its 
extremities,  is  strength  with  less  material,  but  the  vibrating 
motion  is  not  decreased.  In  order  to  obtain  a  more  direct,  and, 
if  possible,  a  perfect  action,  the  eccentric  rods  have  been  secured 
to  the  link,  so  that  the  centre  of  connection  may  be  on  that  of 
the  block,  and  by  this  the  vibratory  motion  is  effectually  got 
rid  of     ...     . 

"  It  now  becomes  necessary  to  treat  of  the  suspension  or  lifting 
rods  for  solid  links ;  for  this  a  few  words  will  suffice.  As  the 
ascent  and  descent  of  the  link  whilst  in  motion  are  governed  by 
the  length  and  position  of  the  rod,  it  is  almost  needless  to  state 
that  the  suspension  rod  should  be  connected  in  the  centre  of  the 
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connection  of  the  eccentric  rod.  The  Knk,  when  for  going  ahead, 
should  be  down.  It  may  now  be  argued  that  the  vibration  of 
the  link,  when  for  going  astern,  must  be  excessive.  Granted, 
but  as  the  forward  motion  of  the  ship  is  of  the  most  importance, 
it  is  not  unfavourable  to  economy  to  adopt  the  connection  alluded 
to.  In  some  cases  the  solid  link  is  guided  at  the  top  or  bottom, 
but  this  is  only  required  when  an  overhanging  or  outside  con- 
nection of  the  eccentric  rods  is  resorted  to. 

"  The  next  portion  for  consideration  is  the  expansion  valve 
and  gear.  The  use  of  this  valve  is  to  allow  the  steam  to  be  cut 
off  at  the  early  or  given  part  of  the  stroke  of  the  piston,  and  the 
expansion  or  elasticity  of  the  steam  completes  the  power  required. 
Now  it  is  certain  the  use  of  high-pressure  steam  for  large  cylinders 
and  short  strokes  produces  excessive  shocks  at  the  commence- 
ment of  the  strokes,  and  thereby  entails  an  increase  of  strength 
in  the  materials  used,  so  that  the  proportions  are  larger  than  for 
ordinary  purposes.  It  is  clear  also  that,  when  steam  is  admitted 
at  an  excessive  pressure  against  the  piston  suddenly,  it  (the 
piston)  receives  an  impetus  equivalent  to  the  power  imposed  ; 
and  in  no  case  whatever  could  an  engine  of  proportions  for  low- 
pressure  resist  the  strains  imposed  by  the  use  of  high-pressure 
steam.  The  ordinary  pressure  adopted  by  marine  engineers  is 
from  20  to  30  lb.  per  square  inch,  more  often  the  former  than 
the  latter.  I  am  not  aware,  however,  of  any  cause  why  60  to 
80  lb.  should  not  be  adopted,  with  a  great  increase  of  economy 
and  power.  Of  course  the  present  proportions  of  engines  and 
boilers  would  have  to  be  increased  if  the  same  materials  were 
used,  but  steel  boilers,  shafts,  and  rods,  might  be  introduced  with 
considerable  advantage,  embracing  great  strength  with  less  weight. 

"  Having  alluded  to  the  ordinary  pressures  at  present  used,  it 
will  be  well  now  to  advert  to  the  expansion  valves.  These  valves 
are  of  three  kinds,  throttle,  slide,  and  tubular. 

"  The  motions  imparted  to  the  throttle  valve  are  oscillating 
and  revolving,  the  latter  is  now  most  generally  adopted,  but  with 
this  disadvantage,  that  the  action  is  equal  both  for  supplying  and 
cutting  off. 

"  The  slide  valves  are  of  the  ordinary  and  gridiron  type,  the 
latter  may  be  said  to  be  the  better,  on  account  of  the  stroke 
being  so  short  in  comparison  to  that  of  the  former. 


222  ENGINEERING  FACTS.  [Div.  IIL 

"  Tubular  valves  are  tubes  inserted  in  each  other,  with  ports 
to  correspond,  a  sliding  or  rotary  motion  accomplishing  the 
desired  effect.  The  motions  imparted  to  these  several  valves  are 
generally  uniform,  either  by  mitre  gearing  or  eccentrics,  con- 
sequently the  action  of  the  valves  is  not  perfect. 

"  The  piston  rods  of  marine  engines  are  subject  to  excessive 
strain,  consequently  the  use  of  guides  is  imperative.  For  the 
single  piston-rod  engine,  the  universal  system  is  a  channel  under- 
neath the  rod,  the  guide-block  being  generally  of  gun-metal,  and 
the  upper  portion  attached  to  the  piston-rod  by  bolts  and  nuts. 
For  double  piston-rod  engines  the  guides  are  of  two  kinds,  the 
first  arrangement  is  as  the  last,  and  the  second,  as  for  high  pres- 
sure engines  or  double  guides.  To  say  which  is  the  preferable 
mode  of  arrangement  of  guides  will,  perhaps,  be  deemed  bold, 
but  I  may  venture  to  state  that  I  deem  that  for  the  single  piston- 
rod  the  best  of  any  yet  introduced. 

"  I  cannot  close  this  portion  of  the  present  paper  without  al- 
luding to  the  admirable  arrangement  for  tightening  the  gland  of 
the  piston-rod  stuffing-boxes,  introduced  by  the  firm  of  Messrs. 
Maudslay,  Sons,  and  Field.  The  screws  are  of  the  ordinary  kind, 
but,  in  the  place  of  nuts,  worm-wheels  are  used,  worms  being 
fitted  to  correspond ;  and  motion  can  be  given  by  a  box-spanner 
while  the  engines  are  at  work.  This  is  one  of  the  most  important 
improvements  tending  to  accelerate  the  progress  of  a  ship  during 
a  voyage  of,  say  three  or  four  months.  Imagine  the  engines  re- 
quiring stoppage  during  a  gale  in  order  to  tighten  the  glands, 
and  a  fair  estimation  can  be  formed  of  the  value  of  the  improve- 
ment alluded  to. 

"  Having  commented,  though  somewhat  briefly,  on  the  cylin- 
der appendages,  attention  may  now  be  given  to  the  main  frames 
and  crank  shaft.  The  main  frames  may  be  said  to  undergo  a 
continuous  strain,  and  must,  consequently,  be  of  a  certain 
fitrength  in  order  to  preserve  the  requisite  rigidity.  The  cylin- 
der is  attached  to  the  one  end,  and  the  condenser  at  the  otlier, 
whilst  the  crank-shank  has  to  be  supported  in  its  bearings.  Not 
many  years  ago  a  celebrated  firm  used  to  make  the  condenser  and 
main  frame  in  one  casting ;  since  that  we  have  had  the  well- 
known  frame,  like  the  letter  A  laid  on  its  side,  also  the  hollow 
frame,  with  a  raised  projection  for  the  crank-sliaft,  and  a  stay 
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from  the  upper  portion  connected  to  the  cylinder ;  this  last  may 
be  said  to  he  the  most  simple,  and,  at  the  same  time,  of  less  ma- 
terial than  the  A  frame.  As  before  stated,  the  strains  on  the 
frames  are  continuous,  yet,  when  sudden  shocks  occur,  from  the 
racing  of  the  engines  or  the  priming  of  the  boilers,  the  tenacity 
of  the  cast-iron  is  severely  tested.  As  this  is  the  case,  wrought- 
iron  might  be  used  with  great  advantage,  both  as  to  increase  of 
strength  and  decrease  of  weight.  The  crank-shafts  of  marine- 
engines  are  generally  of  wrought-iron,  in  one  mass,  the  cranks 
being  double,  and  forged  with  the  shafts.  Three  bearings  are 
deemed  imperative,  so  as  to  equally  distribute  the  strains.    .    .    , 

"  The  arrangement  of  the  ordinary  condenser  and  air-pump  for 
oscillating  paddle-engines  is  generally  as  follows :  the  condenser 
is  situated  between  and  below  the  trunnions  of  the  two  cylin- 
ders ;  the  air-pumps  are  at  an  angle,  with  trunks  and  connecting 
rods  of  the  ordinary  kind ;  the  foot  valves  are  at  the  bottom  of 
the  barrel  of  the  pump,  the  piston  has  valves  in  it ;  and  the  dis- 
charge-valve, when  not  at  the  top  of  the  pump-barrel,  is  at  its 
side.  Now,  the  principal  defects  in  this  arrangement  are  in  the 
position  of  the  valves  and  condenser.  When  the  foot-valves  are 
directly  underneath  the  pump's  piston,  it  is  obvious  that  an 
almost  entire  disconnection  must  be  made  to  inspect  them. 
Also,  in  the  case  of  the  piston-valves  requiring  inspection,  the 
pump-cover  must  be  removed,  and  to  attain  this  the  gland  pack- 
ing has  to  be  slackened,  and  the  connecting  rod  disengaged. 
Now,  to  avoid  these  evils,  doors  might  be  introduced,  but  with 
these  disadvantages — increased  height  or  length  of  the  air-pump 
passages,  and  a  body  of  water  always  above  and  below  the  piston, 
which  undoubtedly  is  what  any  right-thinking  engineer  would  dis- 
approve of,  it  being  clearly  understood  that  an  air-pump  will 
produce  a  better  vacuum  when  the  piston  thoroughly  discharges 
the  contents  between  the  foot  and  delivery  valves  at  each 
stroke.     ... 

"  The  next  portion  of  the  subject  now  before  us  is  the  ordi- 
nary condenser  for  screw  engines.  The  action  of  the  air-pump  in 
this  case  is  usually  horizontal,  consequently  the  valves  are  at  right- 
angles  to  the  pump.  To  describe  each  arrangement  of  condenser 
and  air-pump  that  have  come  under  the  writer's  notice  would 
occupy  too  much  time,   consequently   a  brief  mention  of  two 
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or  three  examples  on  this  occasion  will  be  deemed  sufficient. 
For  direct-acting  and  trunk  engines,  with  the  cylinders  secured 
together  or  side  by  side,  the  condensers  were  between,  and  in 
some  instances  in  front  or  at  the  sides  of  the  air-pump.  The 
foot  and  discharge  valves  were  directly  over  each  other,  the 
former  under  the  pump  at  each  end,  the  condensed  water  or  steam 
being  drawn  through  the  foot  valves  and  forced  through  those 
above.  In  another  instance  the  foot  and  delivery  valves  were 
extended  the  entire  length  of  the  air-pump  and  passages,  the 
position  of  the  valves  over  and  under  being  as  before,  and  the 
condenser  being  between  the  air-pumps.  For  return  connecting- 
rod  engines,  the  condenser  and  air-pumps  are  subject  to  great 
disadvantages.  In  order  to  obtain  a  passably  good  arrangement, 
and  at  the  same  time  occupy  a  moderate  space  in  proportion  to 
those  last  mentioned,  the  condenser,  &c.  have  to  be  shaped  to  suit 
the  purpose  required.  It  must  be  perfectly  understood  that  when 
the  piston-rods  are  beyond  the  crank-shaft,  as  in  the  examples 
now  in  question,  there  is  a  certain  amount  of  space  required  for 
the  piston-rods  and  guides  of  the  cross  head  or  guide  block,  which- 
ever may  be  used.  It  is  also  clear  that  accessibility  to  all  the 
valves  without  disarrangement  should  be  attained.  To  illustrate 
these  desiderata,  the  following  examples  will  be  sufficient  for 
the  present  purpose.  In  one  instance  the  condenser  is  partially 
between  the  cylinders,  and  extending  beyond  the  crank-shaft;  the 
air-pumps  are  at  the  side  of  the  condenser ;  the  suction- valves 
extend  the  length  of  the  air-pump,  and  the  discharge-valves  are 
between  each  pump,  the  pump  and  the  valves  being  beyond  the 

crank-shaft 

"  The  portions  of  the  marine  engine  next  for  exemplification 
are  the  feed  and  bilge  pumps.  The  position  of  these  is  so  ar- 
ranged that  a  free  access  can  be  obtained  to  the  valves  and  sur- 
rounding parts  without  disarrangement.  Some  makers  prefer  to 
work  the  feed  and  bilge  pumps  in  a  line  with  each  other,  with  one 
rod  and  plunger  direct  from  the  steam-piston.  Other  firms  secure 
the  pumps  side  by  side  to  the  discharge  water-pipe  of  the  con- 
denser, each  plunger  being  connected  to  the  piston-rods  crosshead ; 
this  latter  improvement  is  more  general  than  the  former.  In  the 
case  of  hollow  plunger  or  trunk  air-pumps,  those  for  the  feed 
and  bilge  are  on  each  side  of  the  air-  pump,  and  secured  by  nuts 
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or  keys.  Before  terminating  this  portion  of  the  subject,  it  will 
be  well  to  add  that  the  valves  for  the  air,  feed,  and  bilge  pumps 
are  now  universally  discs  of  india-rubber,  instead  of  the  gun- 
metal  spindle- valves. 

'*  I  have  come  to  the  end  of  my  brief  description  of  the  marine 
engine,  and  will  now  allude  to  the  weight  of  material,  cost  of 
marine  engines,  and  the  relation  of  nominal  to  actual  horse- 
power, together  with  the  consumption  of  fuel.  The  variation  in 
the  weight  of  marine  engines  is  due  to  the  design  and  arrange- 
ment as  much  as  the  material  used.  Double  trunks  may  be  said 
to  be  a  fair  example  as  to  the  average  weight  of  marine  screw 
engines.  Return  connecting-rod  engines  aie  perhaps  the  heavier, 
in  comparison  to  those  of  the  single  type,  in  relation  to  rods  and 
guides.  High  and  low  pressure  engines  combined  are  the  hea- 
viest of  any  examples  yet  given.  The  materials  comprising  the 
different  portions  of  the  engines  of  the  present  day  are  of  six  kinds 
— first,  cast-iron,  of  which  is  formed  the  cylinders,  pistons,  valves, 
casings,  main  frames,  guides,  condensers,  &c. ;  secondly,  wrought- 
iron,  comprising  cranks  and  shafts,  piston  and  valve  rods,  links, 
levers,  weigh-shafts,  bolts,  nuts,  &c. ;  thirdly,  steel  for  springs, 
small  pins,  &c.  ;  fourthly  gun  metal  for  bearings,  guide  blocks, 
bushes,  glands,  nuts,  &c. ;  fifthly,  copper,  for  pipes  of  all  kinds 
required  for  steam  and  water ;  sixthly,  india-rubber,  for  valves, 
packing,  &c.  For  the  present  occasion,  in  reference  to  weight,  I 
have  selected  twelve  examples  of  marine  screw  engines,  each 
varying  in  power  and  design.  The  examples  of  arrangement  being 
in  pairs,  the  result  has  been  that  4*334  cwt.  per  nominal  horse- 
power may  be  taken  as  the  average  weight  of  material,  exclusive 
of  boilers,  fittings,  screw-propeller,  and  alley-shafting.  It  may 
here  be  observed  that  each  maker  of  marine  engines  in  the  present 
day  differs  in  design  and  arrangement,  consequently,  the  weight 
of  trunk  engines  by  different  makers  would  be  unequal.  The 
same  may  be  said  for  single  piston-rod  engines,  as  well  as  for 
double  piston-rod  return  connecting  rod  engines. 

"  I  now  come  to  that  portion  of  this  subject  which  is  the 
crowning  question  of  all,  and  too  often  the  cause  of  much  con- 
troversy in  political  and  commercial  circles — viz.,  what  is  the 
cost  ?  My  opinion  is,  that  it  is  perhaps  the  most  difficult  query 
to  answer  that  could  be  put,  and  the  only  reason  for  its  introduc- 
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tion  is  to  preserve  myself  from  presumed  neglect  in  not  noticing 
this  important  matter.  To  ascertain  correctly  which  is  the 
cheapest  class  of  engine  now  in  use,  is  a  problem  much  too  diffi- 
cult xor  lae  to  solve;  but  I  will,  however,  tender  such  informa- 
tion as  I  deem  reliable. 

"  The  price  of  a  marine  engine  depends  entirely  on  the  class 
of  workmanship.  Should  a  roughly-finished  engine  and  boiler  be 
required,  with  more  painted  than  polished  surfaces,  the  cost  will 
be  reduced  in  comparison  to  that  of  the  more  highly  finished. 
The  fittings  also  greatly  regulate  the  outlay.  Some  companies 
pride  themselves  on  this  portion  of  display,  others,  again,  look  on 
it  as  an  unnecessary  expense ;  so,  to  draw  a  correct  line  of  com- 
parison would  involve  the  amalgamation  of  the  many  ideas  in 
order  to  give  a  fair  evidence.  I  feel  confident,  however,  that 
marine  engines,  with  boilers  and  fittings  complete,  can  be  pro- 
duced of  certain  classes  for  £70  per  horsepower  nominal,  and 
the  same  can  be  reduced  to  £50  per  horsepower ;  each  price  of 
course  being  under  certain  conditions  as  to  terms  and  work- 
manship. 

"  Allusion  must  now  be  made  to  the  power,  &c.  of  marine  en- 
gines. Nominal  power  is  a  term  used,  particularly  for  commercial 
purposes.  Each  maker  has  his  private  rule,  hence  the  difference 
in  dimensions  in  engines  of  the  same  class  and  power.  Actual 
horsepower  is  defined  by  the  indicator  diagram,  speed  of  piston, 
&c.  ;  the  ratio  between  the  nominal  and  actual  power  is  in  some 
cases  low,  in  others  high.  The  writer  has  known  instances  where 
the  nominal  power  being  1  '0,  the  actual  was  6  '0  ;  and  in  others, 
nominal  1  '0,  actual  2'123  ;  tlie  average  ratio  at  present  is,  nominal 
I'O,  actual  4"0  to  5*0.  "With  reference  to  the  consumption  of  fuel, 
there  is  a  great  difference  in  the  evidence.  Superheating  ami 
surface  condensation  are  slowly  making  progress,  and  at  the  same 
time  reducing  the  consumption  of  fuel  in  ratio  to  the  amount  of 
water  evaporated  or  steam  used.  The  average  actual  horsepower 
expended  per  cubic  foot  of  water  evaporated  is,  water  being  1  '0, 
actual  horsepower  2*635  to  40,  and  doubtless  in  some  casfvp 
more.  The  ratio  of  fuel  consumed  in  pounds  per  hour  to  ibe 
actual  horsepower  per  hour  expended  may  be  taken  as  follows : — 
Engines  of  ordinary  construction,  power,  1  0 ;  fuel,  5  to  G.    For 
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expansive  working-engines,  with  superheating  and  surface  con- 
densation, thus: — power,  I'O;  fuel,  2 '50. 

64.  Injection  and  Surface  Condensers  for  Marine  Engines. — 
In  the  paper  of  Mr.  Burgh,  of  which  in  last  par.  we  gave  an  ab- 
stract, notice  was  taken  of  these  two  forms  of  condensers.     In 
the  "  Mechanics'  Magazine "  there  are  two  articles  going  pretty 
fully  into  the  details  of  those  two  modes,  of  which  we  here  give 
abstracts.     That  {a)  under  the  title  of  *' Injection  Condensers  "  was 
published  in  the  number  for  Aug.  25tli,  1865  ;  that  {h)  under  the 
title  of  "  Surface  Condensers"  in  the  number  for  Sept.  1st,  1865. 
(a)  Injection  Condensers. — "  Commencing  with  the  injection 
condenser  for  paddle  and  screw-engines.     Air  pumps  with  verti- 
cal action  are  similar  in  general  arrangement ;  the  piston  forms 
a  suction  and   delivery  valve   alternately,  while  the  remaining 
valves  are  located  at  the  top  and  bottom  of  the  air-pump  barrel. 
The  air-pump  is  not  in  all  cases  perpendicular ;  for  large  engines, 
and  in  vessels  of  moderate  beam,  an  angular  arrangement  is  pre- 
ferred.    The  suction  valves  are  at  the  bottom  of  the  pump,  which 
is  situated  outside  the  condenser.     The  discharge  valves  are  at 
the  top  of  the  pump,  outside  or  clear  of  the  cover,  the  air  vessel 
being  secured  above  the  valves  last  alluded  to.     This  description 
will  apply  to  most  arrangements  for  paddle-wheel  engines. 

"  Our  next  type  of  condenser  and  air-pumps  will  be  that  for 
screw  engines.  In  this  case  we  cannot  confine  ourselves  to  two 
or  three  examples  for  comparison,  as  the  number  of  arrangements 
for  the  screw  engines  greatly  exceeds  that  for  the  paddles.  Marine 
engines  for  the  screw  may  be  said  to  be  of  two  kinds  as  regards 
the  principle,  viz.,  direct  and  return  actions.  The  condensers  and 
air-pumps  applicable  for  direct-acting  engines  are  as  follows  : — 
The  air-pumps  are  as  near  the  base  line  as  practice  will  admit, 
the  condenser  being  situated  between  the  pumps.  The  suction 
and  delivery  valves  are  under  and  over  the  barrel,  at  each  end. 
The  discharge  chamber  extends  on  each  side  of  the  condenser 
and  at  the  end  of  the  same,  so  that  actually  the  discharge  water 
may  be  said  to  surround  the  condensing  chamber  during  its  exit. 
The  means  for  obtaining  access  to  the  valves  are  by  doors,  those 
relating  to  the  suction  valves  at  the  sides,  while  the  doors  for 
the  delivery  valves  are  on  the  top  of  the  same.  Now  it  will  be 
obvious  that  both  discharge  and  condensing  chambers  must  be 
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within  the  inner  lines  of  the  air-pumps.  The  external  shape  of 
the  condenser  in  question  is  that  of  an  hemisphere  on  a  paral- 
lelogram ;  for  the  end  view,  the  form  in  plan  being  square  ;  also 
the  same  may  be  said  of  the  side  elevation. 

'*  We  have  thus  far  treated  of  examples  relating  to  direct-acting 
engines.  We  propose  next  to  describe  the  arrangements  of 
condensers  and  air-pumps  for  return-acting  engines,  commonly- 
known  as  double  piston  rods  retu7'n  connecting  rod  engines.  Our 
first  selection  is  arranged  as  follows  : — The  condensers  are  placed 
between  the  air-pumps,  rising  centrally  above  the  same  to  attain 
cubical  capacity.  The  discharge  chamber  is  located  outside  the 
pumps,  and  is  similar  in  shape  to  that  for  condensing.  The 
suction  and  delivering  valves  are  under  and  over  the  pumps  at 
the  outsides  of  the  same,  access  to  the  valves  being  attained  by 
doors  at  the  sides  of  the  discharge  chambers  and  pump  barrels. 
The  exhaust  steam  enters  the  condenser  at  the  top  and  the  in- 
jection at  the  back  end  of  each  condenser.  The  discharge  water 
pipe  is  secured  at  the  back  end  of  the  chamber  in  the  ordinary 
manner.  The  space  between  the  condensing  and  discharge  cham- 
bers is  occupied  by  the  piston  and  connecting  rods,  guides,  &c. ; 
hence  the  cause  for  the  arrangement  alluded  to.  The  form  of  the 
exterior  of  the  present  example  will  be  similar  to  Ui,  the  bottom 
portion  being  flat.  This  relates  to  the  end  views,  the  shape  in 
plan  and  side  elevation  being  square.  In  some  cases  the  same 
exterior  of  condenser,  &c.,  is  preserved,  but  reverse  in  ari-ange- 
ment.  The  condensers  in  this  case  would  be  outside  the  air- 
pumps,  while  the  discharge  chamber  would  be  between  the  same. 
The  suction  valves  are  inverted  at  the  bottom  of  the  condenser 
so  as  to  effectually  drain  the  same.  The  discharge  valves  are  at 
the  sides  of  the  air-pumps,  extending  the  entire  width  and  length 
of  the  bottom  of  the  discharge  chamber.  The  exhaust  steam, 
discharge,  and  injection  pipes  are  all  respectively  located  as  in 
the  last  examples.  In  the  next  arrangement  the  air-pumps  are 
raised  from  the  base  line  as  much  as  the  crank  shaft  will  admit. 
The  condenser  is  raised  at  the  front  end  and  extends  below  for 
the  entire  length  of  the  pumps  and  valve  chambers.  The  suc- 
tion valves  are  outside  the  pumps  beyond  the  guides  of  the  piston 
rods.  The  discharge  valves  are  above  the  pumps,  also  the  cham- 
ber above  the  former.     It  will  be  readily  understood  that  in  this 
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case  the  suction  valves  are  greatly  below  and  beyond  the  air- 
pump,  a  fact  to  which  we  shall  hereafter  allude.  The  shape  of 
the  exterior  of  the  example  under  notice  can  be  more  easily  con- 
ceived than  illustrated  descriptively  ;  suffice  it  to  say,  the  dis- 
charge chamber  is  raised  centrally  above  the  condenser  and  pumps, 
which  latter  form  the  base  for  the  former,  the  plan  and  side  ele- 
vation being  as  in  those  previously  alluded  to.     .     .     . 

The  true  principles  of  injection  condensation. — When  steam 
enters  the  condensing  chamber  it  is  in  the  form  of  a  vapour  ;  on 
coming  in  contact  with  the  cooling  fluid  in  the  shape  of  water  it 
condenses ;  the  two  amalgamate,  or  rather  reunite;  forming  a 
body  of  water  of  a  higher  temperature  than  that  used  for  injec- 
tion. JS'ow,  it  is  obvious  that  the  greater  the  space  occupied  by 
the  condensed  steam  the  less  room  for  the  process  of  condensa- 
tion. Hence,  it  is  practically  consistent  with  natural  laws  to 
drain  the  condenser  at  the  same  speed  as  the  injection  water  and 
steam  amalgamate.  When  the  condenser  is  below  the  air-pump 
or  at  the  side  of  the  same,  a  vacuum  must  be  caused  by  the 
bucket,  piston,  or  plunger  before  the  water  will  rise  in  the  barrel ; 
at  the  same  time  a  cessation  of  flow  or  exit  from  the  condenser 
must  ensue.  The  present  remarks,  of  course,  refer  to  single  and 
double  acting  pumps  similarly  situated.  Above  the  pump  is  the 
correct  position  for  the  condenser,  irrespective  of  action.  The 
motion  of  falling  bodies  causes  a  vacuum ;  hence,  in  the  case  of 
gravitation  of  water,  and  the  same  being  applied  to  condensers, 
a  better  vacuum  is  attained  than  with  the  ordinary  kind.  The 
arrangement  we  propose  for  land  condensers  and  pumps,  and  also 
for  vertical  action  on  board  vessels,  is  as  follows  : — The  condenser 
should  be  on  the  top  of  the  pump,  in  fact,  the  top  of  the  latter 
should  be  the  bottom  of  the  former,  the  suction  valves  being  in- 
verted so  as  to  effectually  drain  the  condenser.  The  discharge 
valves  should  be  at  the  side  of  the  pump  at  the  top,  access  being 
attained  to  each  set  of  valves  by  doors  suitably  arranged.  The 
bottom  of  the  air-pump  barrel  might  be  open  to  the  atmosphere 
or  closed,  or  inserted  in  a  body  of  water.  By  this  arrangement 
a  perfect  action  would  be  attained,  owing  to  the  fact  that,  on  the 
suction  valves  opening,  the  gravity  of  the  water  would  greatly 
assist  its  exit,  it  being  remembered  that  a  vacuum  is  caused  above 
and  below  the  water  in   all  cases.     The  injection  also  causes 
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a  better  vacuum  by  falling  direct  rather  than  rising  to  fall  again 
within  the  condenser  or  beyond  the  rose  or  splash  plate. 

"  Our  ideas  of  what  an  arrangement  for  direct  and  return-action 
engines  should  be,  are  as  follow : — For  the  former  class  we 
should  prefer  the  discharge  chamber  to  be  centrally  situated  over 
the  pumps ;  the  condenser  located  on  each  side  and  in  front  of 
the  discharge  chamber.  By  this  arrangement  compactness  of  the 
valves  and  pumps  would  be  obtained,  while  the  discharge  cham- 
ber would  be  above  and  between  the  pumps  ;  hence  an  air  vessel 
of  great  capacity  would  be  attained,  a  matter  not  to  be  disre- 
garded. "With  reference  to  the  arrangements  requisite  for  return- 
action  engines,  it  must  be  remembered  that  in  the  present  examples 
the  piston  and  connecting  rods,  with  the  requisite  guides,  greatly 
impair  the  compact  form  of  the  pumps  and  condensers.  We 
say  this  remembering  that  cubical  capacity  in  the  hold  of  the 
vessel  is  of  great  importance.  It  next  becomes  necessary  to  con- 
sider which  is  the  most  valuable,  height  or  area,  in  plan.  Should 
the  two  last  examples  for  return-action  engines  be  adopted,  the 
results  would  be  equal,  owing  to  the  different  arrangements  being 
alike  in  principle  of  action,  with  the  exception  that  in  the  latter 
case  the  whole  is  situated  between  the  guides,  which  perhaps  is 
the  better  arrangement  for  accessibility  to  the  working  portions 
requiring  adjustment." 

(b.)  Surface  Condensers. — "To  condense  steam  effectually  is  to 
reduce  its  temperature  to  a  freezing  point.  This,  however,  is 
impracticable  with  marine  engines,  and  to  attain  a  continual 
vacuum  of  1 4  lb.  on  the  square  inch  is  hailed  as  an  event  worthy 
of  record  in  the  annals  of  engineering.  Surface  condensation 
was  in  vogue  some  time  back ;  at  its  outset  it  met  with  many 
enemies,  who  to  a  certain  extent  prevailed  for  a  time.  Latterly, 
however,  the  system  has  been  revived,  and  has  met  with  general 
favour.  In  our  steam  vessels  space  is  of  the  greatest  importance ; 
therefore,  for  surface  condensers  the  superficial  tubular  area  must 
be  considered ;  a  certain  proportion  must  also  be  maintained  in 
relation  to  the  quantity  of  steam  passing  from  the  cylinders.  To 
attain  the  correct  amount  of  cooling  surface  required,  three  im- 
portant facts  must  be  considered, — the  heating  surface  of  the 
boiler,  the  grade  of  expansion  in  the  cylinder,  and  the  tempera- 
ture of  the  circulating  water  used.     Other  important  desiderata 
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also  enter  into  the  question,  viz.,  correct  arrangement  of  the 
tubes,  and  the  disposition  of  the  steam  and  water.  Surface  con- 
densers as  at  present  arranged  may  be  said  to  be  of  two  classes, 
those  having  external,  and  those  with  internal  cooling  surfaces. 
We  will  first  describe  the  most  modern  arrangements  in  practice, 
and  then  consider  their  relative  merits.  The  tubes  in  one 
arrangement  are  disposed  longitudinally  of  the  hull  in  four 
separate  sets,  two  sets  over  each  other.  The  steam  enters  the 
condenser  at  right  angles  with  the  tubes  at  the  top  of  the  com- 
partment. On  the  steam  coming  in  contact  with  the  upper  ex- 
ternal portion  of  the  tubes,  partial  condensation  ensues,  and  the 
vapour  forming  into  a  liquid  passes  through  or  amongst  the 
lower  set  of  tubes  ;  hence,  total  condensation  is  attained  in  due 
course.  The  pumps  for  the  circulating  water  and  condensed 
steam  are  situated  below  the  tubes  in  separate  compartments. 
One  end  of  each  pump  is  used  for  the  forcing  of  the  circulating 
water,  and  the  other  end  for  the  discharge  of  the  condensed 
steam.  In  order  to  obtain  a  correct  circulation  of  the  water,  the 
discharge  chamber  above  the  valves  terminates  on  a  level  with 
the  top  of  the  first  set  of  tubes.  It  is  obvious  that,  on  the 
water  passing  through  the  first  set  in  one  direction,  a  contrary 
action  ensues  through  the  upper  set,  and  thus  the  tubes  are  con- 
tinually filled  with  a  certainty,  a  matter  of  importance  in  external 
surface  condensation.  The  circulating  water  in  the  present  case 
enters  the  supply  chamber  below  the  pump  at  the  back  end. 
The  suction  and  delivery  valves  are  under  and  over  the  pump 
at  the  side  of  the  same.  The  valves  for  the  condensed  steam 
are  opposite  to  those  last  alluded  to,  or  at  the  back  end  of  the  con- 
denser. The  suction  valves  are  inverted  over  the  pump,  and  those 
for  the  discharge  on  the  same  level,  but  reverse  in  action.    . 

"  The  second  method  of  condensing  is  that  where  the  steam 
enters  the  tubes,  and  the  water  surrounds  them.  Condensers  of 
this  class  are  not  much  varied  in  arrangement,  owing  to  the  fact, 
that  a  more  direct  action  is  maintained  both  for  the  steam  and 
the  water.  Our  remarks  apply  to  two  arrangements,  perpendi- 
cular and  horizontal.  When  the  former  is  adopted,  the  steam 
enters  the  space  over  the  tube  plate  at  the  front  end,  and  in 
some  cases  at  the  top.  The  air  pumps  and  valves  are  located 
below  the  tubes,  so  as  to  effectually  drain  them,  assisted,  of 
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course,  by  the  gravity  of  the  water  or  condensed  steam.  The 
circulating  water  is  forced  amongst  the  tubes  at  the  bottom  of 
the  compartment,  and  discharged  at  the  top ;  the  pumps  in  each 
case  being  double-acting,  and  located  horizontally.  The  tubes 
when  horizontally  arranged  are  located  transversely  of  the  hull  of 
the  ship.  In  order  to  ensure  a  perfect  drainage,  the  tubes  are 
inclined  from  the  front  end  to  the  side  of  the  hull  The  steam 
enters  the  tubes  at  the  front  end,  passing  to  the  back  direct.  The 
pumps  are  similar  to  those  last  alluded  to,  and  alike  in  principle 
and  action.  We  have  expressed  an  opinion  upon  the  arrange- 
ment of  the  tubes  for  given  purposes,  for  external  surface  con- 
densers.    The  same  holds  good  for  that  of  the  internal  kind. 

"  With  reference  to  condensation,  further  remarks  will  not  be 
out  of  place.  Let  it  be  assumed  that  two  condensers  are  ar- 
ranged alike  as  to  the  position  of  the  tubes ;  the  internal  and  ex- 
ternal surfaces,  however,  are  to  be  operated  on  by  the  steam. 
The  impurity  of  the  water  in  each  case  is  presumed  to  be  the 
same,  so  that  the  chemical  action  of  the  steam  is  alike  in  both 
cases,  and  of  course  the  sediment  in  either  case  will  be  equal. 
Now  it  is  obvious  that  the  most  simple  and  available  means  for 
cleansing  should  be  adopted.  It  must  be  remembered  that  in  the 
one  case  the  steam  enters  the  tubes,  while  in  the  other  it  surrounds 
them,  but  the  action  of  condensation  is  alike  in  both.  Let  a  ver- 
tical position  for  the  tubes  be  agreed  on,  it  will  be  found  that  in 
each  case  the  sediment  collected  will  be  alike  in  quantity  inside 
and  around  the  tubes,  and  on  the  plates,  but  with  this  difference 
of  location.  In  the  case  of  internal  condensation  the  sediment 
collects  mostly  on  the  top  plate,  while  for  external  condensation 
the  bottom  plate  receives  the  most.  Next,  as  to  the  removal  of 
the  s6diment.  With  internal  condensation  access  to  the  tubes  and 
plates  is  available  without  disturbing  them ;  but  with  external  con- 
tact the  sediment  collects  inside  the  plates  and  outside  the  tubes ; 
hence  both  must  be  disconnected  for  cleansing.  We  have  thus  far 
proved  that,  with  reference  to  the  steam  sediment,  internal  contact 
is  better  than  external  condensation,  cleansing  being  considered. 
The  sediment  from  the  circulating  water  depends  on  its  nature  and 
purity.  Care  should  always  be  taken  to  strain  the  water  before 
it  enters  the  pump,  although  the  power  thereby  will  be  increased 
owing  to  the  friction  being  lessened.     Another  reason  for  pre- 
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ferring  internal  condensation  is  that  the  chemical  action  of  the 
steam  does  not  affect  the  tube  at  the  lower  end.  When  the  tube, 
plate  collects  the  main  portion  of  the  sediment  from  the  steam,  a 
corrosion  of  the  tube  ensues  at  the  plate,  to  a  greater  extent  than 
at  any  other  portion,  due,  of  course,  to  the  increase  or  accumula- 
tion of  sediment  at  that  part.  Remedies  in  profusion  have  been 
proposed  for  protecting  the  tube,  but  it  should  be  remembered 
that  to  ferrule  the  tube  is  to  injure  its  conducting  powers,  and 
so  to  affect  condensation.  It  should  not  be  forgotten  either  that 
the  tube  plate  is  to  a  certain  extent  a  condensing  surface  not  un- 
worthy of  notice,  and  therefore  requiring  attention  as  much  as 
the  tube.  Surface  condensers,  as  at  present  arranged  in  some  in- 
stances, are  fitted  with  injection  pipes  and  valves,  so  that,  in  the 
event  of  a  fracture  or  entire  corrosion  of  a  tube,  the  ordinary 
mode  is  adopted  without  stoppage  to  any  extent.  Much  could 
be  said  in  relation  to  the  many  plans  for  securing  the  tubes. 
In  fact,  the  best  method  of  securing  the  metals  of  a  railway,  and 
the  tubes  in  the  plates  of  condensers,  are  alike  matters  involving 
similar  amounts  of  varied  opinion.  We  prefer  wooden  hollow 
plugs  to  any  other  system  of  fixing.  For  a  good  connection  af- 
fording ready  means  of  renewal,  the  nut  and  india-rubber  washer 
is  as  simple  as  any." 


DIVISION  FOURTH. 

MOTIVE  POWERS  OTHER  THAN  THE  STEAM  ENGINE— AS  AIR 
ENGINES— GAS  ENGINES— WATER  POWER. 

65.  Condensed  air  as  an  auxiliary  to  steam  power. — "The 
subject  of  condensed  air,"  says  a  writer  in  the  Mechanics^  Maga- 
zine, under  date  May  19th,  1865,  "which  is  daily  becoming 
more  important,  is  very  closely  connected  with  Sir.  W.  Arm- 
strong's theory  of  the  probable  exhaustion  of  our  coal-fields,  and 
the  success  of  the  one  idea  must  be  as  deeply  interesting  to  the 
engineering  mind  as  the  supply  of  the  other  necessary  of  life  is 
precious  to  our  national  welfare.  The  exhaustion  of  our  black 
Indies,  and  the  consequent  decHne  of  our  vital  power,  affect  us 
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both  as  a  commercial  people  and  as  a  great  nation,  and  any  sug- 
gestions which  tend  to  economise  our  resources,  or  to  make  us  in- 
dependent of  them,  are  entitled  to  the  consideration  of  every 
thinking  person.  If  knowledge  is  power  in  one  sense,  so  is  coal 
wealth  in  another;  it  is,  therefore,  our  policy  no  less  than  our 
duty  to  utilise  any  means  at  our  disposal  to  husband  that  wealth. 
The  condensation  of  the  atmosphere  appears  to  offer  to  our  use 
many  of  these  advantages,  and  it  is  our  business  briefly  to  draw 
attention  to  some  of  them.  The  subject  under  consideration  di- 
vides itself  into  two  heads: — 1.  The  condensation  of  the  air;  2. 
The  different  applications  of  the  air  while  in  a  state  of  conden- 
sation. 

"  In  considering  the  first  head  of  our  subject  we  observe  on 
the  one  hand  that  artificial  and  expensive  power  is  everywhere 
requisite,  and,  on  the  other,  that  natural  and  comparatively  in- 
expensive power  is  in  too  many  instances  running  to  waste. 
The  problem  is  to  utilise  this  natural  and  inexpensive  power  and 
cause  it  to  take  the  place  of  the  more  costly  article.  There  are 
many  sources  of  power  of  this  description  which  will  at  once  oc- 
cur to  the  mind.  Among  others,  Sir  W.  Armstrong  mentions 
mountain  torrents  and  streams  as  being,  if  properly  managed, 
capable  of  producing  much  useful  effect.  To  these  we  may  add 
the  immense  power  of  those  volumes  of  air  in  motion  which  ex- 
ert their  influence  over  such  an  extended  area,  and  which  equal 
in  their  effect  an  almost  illimitable  stream  of  water  running  by 
us  to  no  profit  for  so  many  months  in  every  year.  The  power 
derivable  from  the  waterfall  has  been  the  source  of  an  ingenious 
though  complicated  invention  in  France,  but  the  power  to  be  ob- 
tained from  currents  of  air  by  condensing  them  would  only  re- 
quire a  very  simple  mechanical  arrangement.  As  much  of  this 
power  as  is  necessary  might  thus  be  brought  under  our  control, 
and  turned  to  any  use  for  which  it  might  be  required.  It  is  un- 
necessary to  enter  into  mechanical  details,  but  it  is  obvious  that 
there  are  many  localities  in  our  country,  such  as  high  lands  near 
the  sea,  mountains,  or  elevated  table-lands  in  other  places,  which 
would  be  very  suitable  to  be  thus  turned  into  reservoirs  of  power. 
The  power  is  going  by  us,  it  is  for  us  to  avail  ourselves  of  the  ad- 
vantages it  offers."  The  writer  concludes  by  pointing  out  the  ad- 
vantages of  the  system  as  applied  to  coal  cutting,  steam  plough- 
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iug,  &c.,  &c.  On  the  same  subject  the  *"  Scientific  Review  "  has 
an  able  paper — May,  1865 — from  which  we  take  the  following : — 
"  The  use  of  compressed  air  in  the  cutting  of  coal  in  the  pit  is 
likely  to  be  one  of  its  most  interesting  applications,  as  it  will  li- 
berate from  very  irksome  toil,  and  great  danger,  a  class  of  men 
whose  occupation  is  of  a  most  laborious  and  painful  description. 
Air  is  forced  into  a  receiver  above  the  surface  of  the  earth  by  a 
steam-engine,  so  as  to  produce  a  pressure  of  about  50  lbs.  per 
square  inch ;  it  is  thence  conveyed  into  the  mine  by  metal  pipes, 
and  from  these  to  the  different  workings,  by  india-rubber  tubing 
about  one  and  a  half  inches  in  diameter.  At  each  workimj  it 
sets  in  action  a  machine  very  like  a  common  steam-engine,  but 
running  on  wheels,  and  giving  motion  to  a  pick  or  cutter.  At 
the  Audsley  coal-pit,  the  shaft  down  which  tlie  metal  pipe  passes 
is  eighty  fathoms  deep.  These  air-engines  are  found  to  do  the 
work  very  rapidly,  and  to  be  extremely  manageable.  When  they 
are  used,  the  coal  is  obtained  in  better  condition,  and  there  is  no 
danger  of  the  pitmen  being  crushed  by  fragments  falling  from 
the  roof.  The  condensed  air,  after  it  passes  from  the  engine, 
ventilates  the  mine;  and,  during  the  great  expansion  it  under- 
goes, lowers  the  temperature  of  the  atmosphere,  which,  in  ordi- 
nary cases,  is  inconveniently  high. 

"Compressed  air,  on  a  very  large  scale,  is  used  in  the  tunnel  of 
Mont  Cenis;  which,  when  completed,  will  be  about  7 '6  miles  in 
length.  At  the  Bardoneche  side,  it  is  compressed  by  the  im- 
mense power  derived  from  a  column  of  water  more  than  eighty- 
four  feet  in  height,  and  the  use  of  extremely  ingenious  and  ef- 
fective machinery;  and  is  conveyed  through  the  tunnel  by  a  large 
iron  pipe.  At  the  Modane  side,  the  air  is  compressed  by  means 
of  six  large  water-wheels.  The  compressed  air  gives  mo- 
tion to  the  perf  )rators  or  chisels  of  the  boring  machines — one  of 
the  latter  being  in  each  division  of  the  tunnel.  They  are  mounted 
on  wheels,  which  mov^e  on  tramways,  and  each  of  them  has  about 
ten  perforators,  tliat  are  capable  of  acting  in  all  directions.  At- 
tached to  each  perforator  is  one  flexible  tube  for  the  compressed 
air,  and  another  for  the  water  that  is  injected  into  the  hole  at 
every  blow,  to  clear  out  the  debris  and  cool  the  point  of  the  in- 
strument. The  perforators  are,  by  means  of  compressed  air  let 
in  behind  them,  discharged  with  great  rapidity  out  of  tubes,  which 
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are  not  unlike  gun-barrels ;  and  they  are  drawn  back  by  a  simi- 
lar means,  but  with  less  force — turning  round  in  the  holes  dur- 
incc  their  return.  As  soon  as  the  chisels  have  bored  holes  to  the 
depth  of  between  32  and  36  inches,  they  are  placed  opposite  to 
other  points  in  the  rock,  where  they  make  similar  perforations ; 
and  this  is  repeated  about  seven  or  eight  times.  The  boring  ma- 
chine is  then  moved  back;  the  holes  near  the  centre  are  first 
charged  with  gunpowder  and  exploded  by  means  of  slow  matches, 
which  burn  at  the  rate  of  24  inches  per  minute;  and,  after  the 
smoke  has  been  blown  away  by  jets  of  compressed  air,  the  other 
holes  also  are  charged  and  exploded.  The  stone  and  debris 
which  have  been  detached  are  then  removed,  and  the  perforating 
machine  commences  its  work  anew 

"  Tlie  ajoplication  of  compressed  air  to  musical  clocks  is  a  re- 
cent and  ingenious  idea 

"  One  of  the  most  interesting  of  the  recent  applications  of  com- 
pressed air  is  to  be  seen  in  the  pneumatic  loom Up  to  the 

present  time,  the  object  has  been  chiefly  to  improve  the  '  picker ; ' 
the  pneumatic  loom  gets  rid.  of  it,  and  thus  avoids  a  large  amount 
of  the  noise,  improves  the  fabric,  and  sets  aside  every  limit  to  ve- 
locity, except  that  dependent  on  the  goodness  of  the  thread. 
While  the  common  loom  makes,  ordinarily,  only  about  180  picks 
a  minute — a  greater  speed  being  counterbalanced  by  a  more  fre- 
quent breakage  of  the  thread — the  pneumatic  loom,  witli  yarns 
of  the  same  quality,  will,  it  is  said,  make  about  260,  with  very 
few  breakages.  The  saving  of  power,  with  tlie  pneumatic  loom, 
appears  to  be  very  considerable ;  for,  while  the  common  loom  re- 
quires a  strong  man  to  keep  it  moving  even  slowly,  the  pneuma- 
tic can  with  ease  be  worked  rapidly  by  the  hand.  This  saving 
has  been  calculated  at  nearly  one  half;  but  supposing  it  to  be 
only  one  quarter,  it  would  still  be,  in  the  aggregate,  of  immense 
advantage.  It  is  considered  that  the  increased  velocity  the  pneu- 
matic principle  allows  would  add  about  2,800  yards  per  year  to 
the  production  of  each  loom,  or  nearly  a  million  and  a  half  to 
that  of  all  those  in  the  United  Kingdom. 

"  The  peculiarity  of  the  pneumatic  loom  consists  in  the  *  pick  ' 
or  stroke  being  eflected,  not  by  a  clumsy  imitation  of  the  human 
arm,  but  by  a  jet  of  compressed  air  emitted  through  valves  in  the 
shuttle-boxes.     The  air  is  condensed  by  a  pump,  or  even  a  bel- 
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lows,  and  is  conveyed  to  the  shuttle-boxes  by  a  flexible  tube. 
It  is  liberated  at  the  proper  time  for  impelling  the  shuttle,  by  a 
lever,  which  is  acted  on  by  a  cog  placed  on  a  wheel  that  is  driven 
by  a  pinion  on  the  main  axle.  Among  the  advantages  claimed 
for  this  loom  is  the  mathematical  precision  with  which  the  shut- 
tle is  thrown  exactly  in  the  right  direction ;  but  it  strikes  us  that 
this  part  of  the  apparatus  might  be  rendered,  without  difficulty, 
still  more  certain  and  exact  in  its  operation 

"  Another  application  of  compressed  air  consists  in  raising  by 
means  of  it  weights  from  mines.  The  apparatus  used  for  this 
purpose  consists  in  an  iron  cylinder,  which  passes  down  the  shaft 
— being  continued  a  short  distance  below  its  lower  extremity, 
and  also  a  few  feet  above  its  upper.  Within  this  works  a  piston- 
rod,  having  a  piston  at  each  end,  the  space  between  being  the  re- 
ceptacle for  what  is  to  be  raised  from  the  mine.  When  the  ap- 
paratus is  to  be  made  to  ascend,  air  is,  by  means  of  an  air-pump, 
forced  down  under  the  lower  piston,  through  a  pipe.  This  raises 
the  pistons;  and  when  the  space  between  them  has  been  un- 
loaded above,  a  valve  is  opened  below,  which  causes  them  to  de- 
scend; the  air  which  thus  escapes  from  the  cylinder  serving  to 
ventilate  the  mine." 

66.  Lenoir's  Gas  Engine. — This  form  of  motive  power  has  re- 
cently attracted  great  attention,  and  has  been  adopted  in  so  many 
instances — more  markedly  in  Paris  and  the  United  States — that  a 
notice  of  its  main  peculiarities  may  be  useful  here.  For  this 
we  are  indebted  to  an  article  in  the  "  Practical  Mechanics'  Jour- 
nal for  August  1865."  "M.  Lenoir  patented,"  says  the  writer, 
"  his  original  idea  of  a  gas  and  expanded  air  engine,  in  this  coun- 
try, in  1860.  His  first  notion  was  to  admit  the  air  and  gas  into 
the  working  cylinder  by  means  of  a  slide  valve  and  ports,  simi- 
lar to  those  of  a  steam  engine ;  but  the  slide,  in  lieu  of  being 
contained  within  a  valve  chest,  was  open  to  the  atmosphere  and 
kept  tight  against  the  valve  faces  of  the  cylinder  by  adjusting 
screws.  The  port  which  in  a  steam  engine  answers  the  purpose  of 
the  exhaust  served  as  the  air  inlet,  being  in  communication  by  a 
nozzle  with  the  atmosphere,  and  the  gas  was  supplied  to  one  or 
other  of  what  would  otherwise  be  the  steam  ports  by  being  let 
into  the  hollow  chamber  of  the  slide  through  an  opening  in  the 
back  of  the  valve ;  this  opening,  as  the  valve  reciprocated,  was 
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brought  alternately  opposite  to  one  or  other  of  two  gas  nozzles, 
the  cut-off  of  the  gas  being  effected  by  the  passage  of  the  opening 
in  the  back  of  the  valve  from  one  nozzle  to  the  other,  both  noz- 
zles being  fitted  into  a  plate,  against  which  the  valve  worked 
gas-tight.  The  valve  was  so  worked  and  adjusted  as  to  open  the 
air  inlet  a  little  before  the  gas  inlet,  and  consequently  a  supply 
of  air  was  drawn  into  the  cylinder  by  the  piston  before  the  gas 
entered  therein ;  the  air  and  gas,  as  stated  by  the  inventor,  being 
made  to  form  distinct  strata  under  the  cylinder,  in  lieu  of  being 
mixed  together.  The  object  of  admitting  the  air  first,  was  to 
neutralize  the  effect  of  the  carbonic  acid  gas  formed  in  the  cylin- 
der by  the  previous  combustion.  In  this  condition,  with  one 
half  of  the  cylinder  charged,  the  gas  was  ignited  by  an  electric 
spark  obtained  by  the  aid  of  a  pair  of  electrodes  at  each  end  of 
the  cylinder  in  communication  with  a  battery  and  Rhumkorff 
coil.  The  expansion  of  the  air  in  the  cylinder  produced  by  the 
combustion,  by  actin[;  on  the  piston,  caused  it  to  traverse  the  cy- 
linder. The  piston  rod  was  connected  in  the  usual  manner,  by  a 
connecting  rod,  with  the  crank  shaft  of  the  engine,  which  also 
carried  eccentrics  for  working  the  slide  valves ;  one  of  these 
valves  we  have  already  referred  to ;  the  other,  which  was  situate 
on  the  opposite  side  of  the  cylinder,  was  of  a  similar  construc- 
tion to  the  first,  with  the  exception  that  there  was  no  gas  inlet 
orifice  through  the  back  of  the  slide.  The  ports  in  communica- 
tion with  this  valve  were  precisely  similar  to  those  of  an  ordinary 
steam-engine  cylinder.  The  object  of  the  second  valve  and  ports 
was  to  serve  for  the  eduction  of  the  foul  air  and  products  of 
combustion  after  each  stroke  of  the  piston. 

"  The  electric  current  was  directed  to  one  or  other  of  the  two 
igniters  by  a  simple  form  of  rotatory  commutator,  fitted  on  to 
the  crank-shaft  of  the  engine,  and  so  arranged  that  the  necessary 
make  and  break  of  contact  should  be  produced  at  the  precise  mo- 
ment required.  As  it  was  found  that  the  working  cylinder  was 
liable  to  become  considerably  heated  by  the  ignition  of  the  gas 
inside  it,  a  water  chamber  was  cast  in  the  cylinder  body,  and  a 
continual  stream  of  cold  water  allowed  to  flow  through  it.  Such 
were  the  general  features  of  M.  Lenoir's  invention  in  1860.  lu 
1861  he  obtained  a  second  patent  for  improvements  on  his  former 
plans.     Duiing  the  course  of  his  improvement,  M.  Lenoir  dis- 
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covered  that  the  admission  of  the  air  and  gas,  in  regular  and  al- 
ternate layers  or  strata  inside  the  cylinder,  was  a  very  important 
feature  in  the  obtainment  of  a  proper  and  perfect  combustion  of 
the  gas,  and  consequent  expansion  of  the  air.  To  insure  this 
result,  M.  Lenoir  very  considerably  modified  the  form  and  gen- 
eral arrangement  of  the  air  and  gas  inlets  and  valves  connected 
therewith.  As  in  the  first  arrangement,  the  inlet  slide  valve  is 
open  to  the  atmosphere,  being  kept  tight  against  the  cylinder 
valve  face  by  the  pressure  against  the  back  of  the  valve  of  ob- 
long nozzles  cast  longitudinally  along  the  side  of  two  vertical 
cylinders,  bolted  to  the  side  of  the  main  cyUnder,  which  is  placed 
horizontally.  These  small  cylinders  or  vessels  serve  as  receivers 
for  the  gas  just  before  it  enters  the  main  cylinder,  a  forked  gas 
pipe  supplying  both  receivers  simultaneously.  One  of  these  gas 
receivers  communicates  by  an  oblong  slot  or  port  in  its  nozzle 
with  one  end  of  the  main  cyUnder,  and  the  other  with  the  oppo- 
site end.  The  shde  valve  has  two  rows  of  small  tubes  fitted 
therein,  each  row  of  tubes,  when  brought  opposite  to  the  respec- 
tive slot  or  opening  in  the  nozzle  of  the  receiver,  allowing  the 
gas  to  pass  direct  into  the  main  cylinder  in  a  number  of  small 
but  distinct  streams.  Between  each  of  these  streams  of  gas  a 
distinct  stream  of  air  is  allowed  to  enter  through  other  openings 
made  for  that  purpose  in  the  valve,  and  which  are  in  free  com- 
munication with  the  atmosphere.  In  order  that  the  various  al- 
ternating veins  of  gas  and  air  may  preserve  their  respective  thick- 
nesses and  positions  whilst  traversing  the  inlet  ports  of  the  cylin- 
der, these  ports  are  formed  or  subdivided  into  a  number  of  chan- 
nels by  fitting  therein  what  the  inventor  calls  a  '  comb,'  which 
consists  of  a  flat  plate  having  a  number  of  raised  ridges  cast  on 
one  side,  three  of  such  ridges  forming  channels  or  separate  pas- 
sages for  the  gas  and  air  to  pass  along  as  they  enter  the  cylinder. 
The  eduction  slide  valve  on  the  opposite  side  of  the  main  cylinder, 
consists  of  a  sUding  plate,  having  two  thoroughfares  through  it, 
which  are  alternately  brought  opposite  to  two  eduction  ports, 
made  at  each  end  of  the  cylinder  (but  on  the  opposite  side  to  the 
inlet  ports),  and  to  the  nozzles  of  two  water  chambers,  which  serve 
to  cool  the  products  of  combustion  as  they  pass  along  to  the  out- 
let pipes.  The  cylinder  and  cyHnder  covers  are  kept  cool  by 
water  jackets,  or  spaces  formed  therein,  through  which  a  constant 
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stream  of  water  is  kept  flowing.  This  water,  after  issuing  from 
the  water  spaces,  is  run  into  a  large  tank,  where  it  is  sufficiently 
cooled  to  be  used  over  again,  thus  economizing  greatly  the  con- 
sumption of  water. 

"The  distribution  of  the  electric  current  is  not  effected  by  a 
rotatory  commutator  as  in  the  first  arrangement,  but  is  accom- 
plished by  a  reciprocating  commutator  consisting  of  a  small  metal 
frame,  bolted  to  the  bedplate  of  the  engine,  and  having  attached 
to  it  the  negative  wire  of  a  Rhumkorffs  apparatus,  so  that  the 
whole  working  parts  of  the  engine  which  are  in  direct  metallic 
contact  with  each  other,  are  charged  with  negative  electricity. 
An  insulating  plate  is  fitted  into  this  frame,  and  upon  it  are 
screwed — so  as  to  be  in  a  direct  horizontal  line  with,  but  insulated 
from  each  other — two  short  metal  bars,  from  each  of  which  a  wire 
leads  to  one  of  the  igniters.  Beneath  these  short  bars  is  screwed 
a  single  bar,  of  a  length  equal  to  the  combined  length  of  the 
short  bars ;  and  this  bar  is  in  communication  with  the  positive 
wire  of  the  induction  coil.  A  metal-blade  spring  is  attached  to 
the  cross-head  of  the  piston ;  and  this  spring,  by  sUding  to  and 
fro  longitudinally  along  the  two  short  bars  and  the  longer  bar 
below,  alternately,  brings  one  or  the  other  of  the  short  bars  and 
corresponding  igniter,  in  electrical  communication  through  the 
long  bar  with  the  coil,  so  that  a  spark  will  be  produced  at  the 
proper  time.  Each  igniter  consists  of  two  wires  placed  in  an  in- 
sulating core,  which  is  screwed  into  the  cylinder  covers.  One  of 
the  two  wires  is  brought  into  direct  communication  with  the 
positive  wire  of  the  coil  at  the  moment  required,  in  the  manner 
above  described  ;  but  the  other  wire  is  allowed  to  remain  in  con- 
stant metallic  contact  with  the  cylinder,  and  is,  consequently, 
always  charged  with  negative  electricity.  The  moment  the  com- 
munication is  established  between  the  other  wire  of  the  igniter 
and  the  coil,  a  spark  will  necessarily  be  produced,  which  ignites 
the  gas  in  that  end  of  the  cylinder.  M.  Lenoir,  in  the  specifi- 
cation of  his  second  patent,  proposes,  in  some  cases,  to  admit  into 
the  working  cylinder,  in  addition  to  the  air,  a  certain  amount  of 
low-pressure  steam  or  moist  vapour,  or  water  in  the  form  of  a 
mist  or  fine  spray,  so  that  on  the  firing  of  the  gas,  the  steam  or 
vapour  will  be  considerably  expanded,  and  will  increase  the  effect 
of  the   engine.     We  believe,   however,   that  it   has   not   been 
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thought  requisite  to  constract  engines  on  this  principle,  the  effect 
of  the  expanded  air  alone  being  found  amply  sufficient  for  all 
practical  purposes  without  the  additional  complications  necessary 
for  the  carrying  out  of  this  idea." 

The  reader  interested  in  this  matter  will  find  a  plate  illustra- 
tive of  the  details  of  this  engine,  and  a  description  of  the  same 
in  the  number  of  the  "Practical  Mechanic's  Journal"  above  al- 
luded to. 

Modification  of  the  Lenoir  Gas-Engine.  —  Under  this  title 
the  Mechanics'  Magazine,  of  date  Nov.  17th,  1865,  has  the  fol- 
lowing:— "A  very  valuable  improvement  in  the  Lenoir  gas-en- 
gine has  been  effected  by  M.  Hngon,  of  Paris.  Hitherto,  the 
explosion  of  the  mixture  of  coal-gas  and  air  employed  in  these 
engines  has  been  effected  by  means  of  a  voltaic  spark,  but  M. 
Hugon  effects  it  by  a  contrivance  which  is  at  once  somewhat 
cheaper  and  much  more  regular  in  its  working.  To  the  slide  or 
other  valves  regulating  the  admission  of  gas  and  air  into  the  cy- 
linder he  attaches  little  burners,  supplied  with  gas  under  pres- 
sure, and  he  so  arranges  that  the  flame  from  these  burners  shall 
explode  the  mixture  in  the  cylinder  at  the  proper  time.  These 
little  jets  are  blown  out  by  the  explosion,  but  are  afterwards  re- 
lighted by  an  outer  jet,  which  is  kept  constantly  burning.  This 
simple  improvement  seems  likely  to  considerably  diminish  the 
uncertainty  and  irregularity  which  have  hitherto  characterised 
the  action  of  the  gas-engine." 

67.  The  Ammonia  Garhonic  Acid  Gas  Engines. — "  M.  Tel- 
lie  r,"  says  a  Eeport  of  the  Polytechnic  Association  of  the  Ameri- 
can Institute,  given  in  the  Scientific  American, — "  M.  Tellier,  of 
France,  has  recently  invented  a  means  of  storing  and  using  me- 
chanical power,  by  condensing  ordinary  ammoniacal  gas  to  the 
liquid  state,  and  applying  it  for  propelling  omnibusses,  and  other 
vehicles,  in  places  where  steam  power  would  not  be  admitted. 
The  conversion  of  gaseous  ammonia  into  a  liquid  by  pressure, 
and  its  application  for  locomotion  is  not  new,  but  the  mechanical 
arrangements  by  M.  Tellier  embrace  several  novelties.  The  small 
vessel,  containing  liquid  ammonia  and  gaseous  ammonia  above  it, 
may  be  compared  to  an  ordinary  steam  boiler ;  when  the  valve 
is  opened  a  portion  of  the  gas,  having  a  tension,  at  60°  F.,  of 
about  100  lbs.  per  square  inch,  presses  against  a  piston  within  a 
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cylinder  filled  with  common  air.  This  movement  of  the  piston 
transmits  power  through  a  crank,  and  at  the  same  time  conden^e^ 
the  air  before  it  in  the  cylinder.  At  the  completion  of  this  stroke 
a  little  water  is  injected  into  the  cylinder,  behind  the  piston, 
when  the  ammonia  is  instantly  absorbed  by  the  water  and  a  va- 
cuum is  produced  The  pressure  behind  the  piston  being  thus 
removed,  the  compressed  air  on  the  other  side  of  it  is  brought 
into  pLiy ;  thus  the  piston  comes  to  its  original  position  and  the 
crank  has  completed  one  revolution.  After  the  ammoniacal  wa- 
ter has  been  drawn  off  the  piston  is  read}'^  to  receive  another 
charge  of  ammonia.  It  will  be  perceived  that  this  apparatus 
would  work  more  steadily  if  two  cylinders  were  used ;  M.  TeUier 
proposes  to  use  three.  This  arrangement,  or  any  other  in  which 
a  gas  passes  from  the  liquid  state  at  a  nearly  uniform  pressure, 
has  many  advantages  over  that  employing  atmospheric  air  as  a 
secondary  motor.     The  President  then  directed  attention  to 

{b.)  Hie  New  Carbonic  Acid  Engine^ — "A  contrivance  for 
drawing  cars  on  street  railways,  by  means  of  liquified  carbonic 
acid,  is  soon  to  be  tried  in  this  city  by  Dr.  Barbour,  of  Auburn, 
X  Y.  The  gas  is  Uquified  by  a  stationarj-  engine,  and  in  that 
state  is  kept  on  the  car,  in  a  strong  receptacle.  The  whole  appa- 
ratus is  modelled  after  the  st«am  engine,  but  is  of  much  smaller 
dimensions.  After  its  use  the  gas  escapes  from  the  ftxhatUi^  into 
a  large  gas-proof  bag  upon  the  top  of  the  car ;  when  the  car  re- 
turns to  the  stationary  engine  the  gas  is  withdrawn  &om  the  bag, 
aud  again  condensed  into  a  liquid,  and  is  thus  used  over  and 
over.  In  many  particulars  carbonic  acid  is  preferable  to  am- 
monia. 1.  It  has  at  the  melting  point  of  ice  a  tension  of  575 
lbs.  to  the  square  inch,  and  would  occupy  only  -^  the  room  re- 
quired f'»r  the  ammonia  arrangement  2.  It  is  brought  from  the 
gaseous  to  the  liquid  state  at  one  operation,  by  means  of  the  force 
air-pump  driven  by  steam  ;  while  the  use  of  ammonia  on  Tellier's 
plan  requires  a  large  quantity  of  water  for  its  absoiption,  the 
weight  of  which  increases  the  amount  of  power  required  to  draw 
the  car.  At  the  end  of  the  rout-e  the  ammoniacal  water  must  be 
subjected  to  heat,  and  the  gas,  thus  disengaged,  is  reduced  to  a 
liquid  by  means  of  a  force  pump  driven  by  steam.  3.  The  state- 
ment of  TeUier  that  a  vacuum  is  produced  is  not  stnctly  true,  for 
ordinary  ammoniacal  water  when  relieved  from  atmospheric  pres- 
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sore  loses  a  portion  of  its  ammonia.  The  tension  of  the  gas  in 
Tellier's  cylinder  is,  however,  so  greatly  reduced  as  to  allow  the 
reaction  of  the  compressed  air  to  carry  the  piston  to  its  first  posi- 
tion. 4.  The  unavoidable  leakage  of  minute  quantities  of  am- 
monia would  make  a  car  more  offensive  to  the  olfactory  nerves 
than  the  stable.  5.  The  cost  and  trouble  of  preparing  carbonic 
acid  is  much  less  than  that  required  to  produce  ammonia." 

68.  Petroleum  Engine. — "Mr.  F.  H.  Wenham,  of  Clapham,' 
says  the  ''Scientific  American,"  "has  patented  an  invention,  which 
consists  of  two  pistons  contained  in  a  cylinder  with  open  ends. 
The  first  piston  works  a  crank  by  means  of  a  connecting  rod,  the 
second  is  disconnected.  During  tlie  revolution  of  the  crank  the 
second  piston  follo-w^  dose  to  the  first  by  atmospheric  pressure 
until  near  the  termination  of  the  up  stroke.  They  then  separate 
for  a  short  distance,  at  which  time  a  mixture  of  gas  and  an  ex- 
plosive vapour  is  drawn  in  between  them.  "When  the  first  piston 
arrives  at  the  end  of  the  stroke  it  uncovers  a  small  touch-hole,  a 
flame  is  drawn  in  through  the  side  of  the  cylinder,  the  gases  take 
fire,  and  by  explosion  drive  the  second  piston  to  the  opposite  end 
of  the  cylinder ;  here  is  fixed  a  cross-bar,  through  which  the  flat- 
rod  of  the  second  piston  passes,  this  is  now  instantly  held  fast 
by  two  wedges  driven  into  the  cross-bar  against  the  flat  sides  of 
the  rod ;  this,  and  the  wedges  may  be  grooved  to  increase  the 
grip.  A  vacuum  is  formed  between  the  pistons,  and  the  one 
connected  with  the  crank  in  approaching  the  other  by  atmospheric 
pressure  causes  the  revolution  of  the  shaft.  The  piston  before 
again  coming  into  contact  drives  the  products  of  combustion 
from  between  them  through  an  outlet  valve  in  the  side  of  the 
cylinder.  The  loose  piston  is  again  released  by  withdrawing  the 
wedges,  and  follows  after  the  other  for  the  succeeding  stroke. 
The  next  improvement  is  for  a  means  of  igniting  the  gaseous 
mixture.  A  gas-jet  pours  directly  into  the  touch-hole  in  the  side 
of  the  cylinder.  Surrounding  the  flame  of  the  jet  there  is  a 
platinum  coil  to  retain  heat  There  is  a  similar  arrangement 
round  the  touch-hole,  and  both  coils  remain  red-hot  whilst  the 
engine  is  at  work,  and  prevent  the  flame  from  being  blown  out 
by  the  force  of  the  explosion  through  the  touch-hole.  He  gives 
increased  pressure  and  intensity  to  the  gas  by  means  of  a  small 
pump  or  bellows.     A  further  improvement  consists  in  passing 
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the  gas  or  air  through  naphtha,  petroleum  oil,  or  other  volatile 
liquids,  to  obtain  an  inflaromable  vapour.  The  receptacle  contain- 
ing the  liquid  may  be  heated  to  assist  vaporization.' 

69.  Lefroy's  Fuel  Power. — An  article  in  the  "Engineer"  — 
April  7th,  1865 — illustrated  with  a  large  drawing,  gives  a  de- 
scription of  this,  from  which  we  take  the  following : — "  What  is 
called  mechanical  power  is  primarily  the  development  of  elastic 
action,  and,  secondarily,  the  action,  or  rather  reaction,  of  gravity, 
for  gravity  is  the  mere  tendency  to  immobility,  which,  once  at- 
tained, ceases  to  be  action  or  movement.  In  other  words,  elasti- 
city is  a  repellant  force  and  gravity  is  a  cohesive  force.  For 
practical  purposes  heat  may  be  considered  as  the  elastic  force  and 
cold  the  condensing  or  gravitating  force.  Heat  in  a  steam  engine 
swells  water  to  many  times  its  normal  bulk  by  the  condition  of 
steam,  and  for  various  reasons  it  has  thus  been  used  as  power ; 
bat  the  fact  has  been  disregarded  that  the  fuel  itself  in  the  act 
of  burning  multiplies  its  volume  manifold  in  the  form  of  gases, 
and  that  if  these  gases  could  be  compressed  or  controlled,  as 
steam  is,  a  great  result  in  power  would  be  attained.  How  to 
burn  the  fuel  under  pressure  is  the  problem  to  solve,  without  de- 
stroying the  vessel  containing  it.  In  the  case  of  guns  we  do 
burn  the  fuel  under  pressure,  but  explosively,  in  the  form  of  gun- 
powder ;  while  in  steam  cylinders  we  want  to  burn  it  gradually 
and  without  burning  the  metal  containing  it.  This  problem  Mr. 
Lefroy  is  seeking  to  solve  by  burning  the  fuel  so  as  to  pass  its 
force  into  water 

"  The  essential  and  novel  features  of  the  system  are  three, 
namely,  First,  the  combustion  of  fuel  under  an  artificially  obtained 
liigh  pressure.  Second,  the  forcing  into  and  through  the  water 
contained  in  the  boiler  all  the  gaseous  products  of  the  combustion 
of  the  fuel.  Third,  the  utilising,  for  mechanical  purposes,  the 
elastic  forces  which  exist  in  those  gaseous  products,  instead  of 
literally  throwing  them  away,  as  at  present,  through  the  funnel, 
chimney,  grate,  and  furnace  mouth  into  the  atmosphere.  The 
availability  to  mechanical  purposes  of  these  forces  (of  which  the 
aggregate  value  exceeds  nearly  tenfold  that  of  the  steam  generated 
by  any  existing  boiler  from  the  same  quantity  of  fuel)  being 
conditional  entirely  on  the  fact  of  the  combustion  being  carried 
on  in  a  closed  vessel. 
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*'The  following  advantages  are  claimed  by  the  inventor: — 
First,  a  very  great  diminution  of  the  volume  of  both  furnace 
and  boiler.  A  saving  of  90  or  95  per  cent,  of  this  important 
element  of  the  cost  of  artificial  power  may  reasonably  be  antici- 
pated. This  great  economy  is  estimated  as  due  to  the  greater 
rapidity  of  the  combustion  of  the  fuel,  and  to  the  great  increase 
of  mechanical  power,  which  will  result  from  the  combustion  of 
each  unit  of  fuel.  Second,  a  great  reduction  in  both  the  prime 
cost  of  these,  as  due  to  the  diminution  of  their  weight  and  volume, 
and  to  the  much  greater  durability  of  the  proposed  boiler  (which 
is  nowhere  approached  by  the  fire)  than  boilers  of  any  existing 
form  can  possibly  possess.  Third,  an  economy  of  both  the  entire 
cost  (prime)  of  the  funnel  or  chimney  ;  and,  in  the  case  of  marine 
engines,  of  the  space  occupied  by  the  funnel,  and  of  the  whole  sum 
of  inconveniences  essentially  involved  in  its  presence.  Fourth, 
a  greater  security  against  explosion,  as  due  to  the  fact  that  no 
portion  of  the  system  which  is  exposed  to  the  destructive  action 
of  the  fire  sustains  any  bursting  pressure  whatever.  Fifth,  the 
greater  rapidity  of  getting  up  steam  after,  as  well  as  an  entire 
suspension  of  the  combustion  of  the  fuel  during,  any  interval  of 
inaction.  Sixth,  a  great  economy  in  the  labour  of  stoking  (which 
might  even  be  eff'ected  by  a  simple  form  of  pump,  as  explained 
in  the  general  observations)  and  of  the  health  of  the  stokers,  who, 
so  far  as  their  services  may  be  requisite,  will  be  entirely  protected 
from  any  direct  action  of  the  fire 

"  While  with  very  obvious  convenience,  as  far  as  the  matter 
of  the  introduction  of  the  fuel  into  the  furnace  and  all  the  de- 
tails of  stoking  are  concerned,  and  without  impairment  of  its 
two  novel  and  essential  principles,  which  are,  'the  combustion 
of  fuel  under  high  pressure,'  and  'the  utihsing  for  mechanical 
purposes  the  elastic  forces  of  the  gases  into  which  the  fuel  is 
converted  by  combustion,'  all  oils  combustible  under  high  pressure, 
and  gases,  whether  mineral,  vegetable,  or  animal,  may  be  substi- 
tuted for  coal  as  the  fuel  in  the  system  above  proposed ;  one  or 
the  other  of  the  three  following  descriptions  of  fuel,  and  modes 
of  supplying  the  same  to  the  furnace,  will,  under  existing  con- 
ditions, probably  be  found  to  be  the  most  economical,  namely : — 
First,  petroleum  alone,  to  be  pumped  in  by  a  simple  force  pump. 
Second,  balls  of  patent  fuel,  made  of  coal  dust  floating  in  pe- 
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troleum,  so  small  that  the  whole  may  be  treated  in  a  pump  as  a 
liquid.  Third,  balls  of  similar  patent  fuel,  as  exhibited  in  this 
engraving,  and  also  floating  in  petroleum,  but  of  a  diameter  too 
large  to  admit  that  the  petroleum  in  which  they  float  shall  be 
pumped  into  the  furnace  as  a  liquid. 

"  With  modifications  of  form  specially  adapted  to  each  pur- 
pose, which  will  doubtless  occur  to  persons  engaged  in  the  respec- 
tive trades,  this  system  apj>ears  to  be  readily  applicable  to  the 
follomng  purposes,  namely  : — First,  to  the  evaporation  or  distil- 
lation of  all  liquors,  syrups,  and  many  other  bodies.  Second,  to 
the  roasting  and  smelting  of  ores.  Third,  to  the  heating  of 
buildings  for  any  purposes,  whether  of  manufacture,  trade,  or 
personal  health  and  comfort,  and  probably,  as  compared  with  ex- 
isting methods  of  conducting  these  operations,  with  advantages 
in  point  of  economy,  convenience,  beauty,  and  elegance  of  form, 
not  inferior  to  those  which  it  is  believed  to  possess  when  applied 
solely  to  the  purposes  of  developing  mechanical  power.  Fourth, 
to  the  development  of  artificial  light.  Fifth,  to  the  conduct  of 
the  combustion  of  gases  and  oils,  with  a  view  to  develop  the  maxi- 
mum of  both  light  and  heat,  producible  from  the  combustion  of 
the  same  fuel.  Sixth,  to  the  manufacture  of  coal  gas  for  the 
purpose  of  illumination,  by  the  introduction  of  a  middle  chamber 
(answering  the  purpose  of  an  ordinary  retort)  between  the  fur- 
nace and  the  boiler,  whereby  both  processes  can  be  carried  on 
simultaneously,  and  by  means  of  one  fire.  And  such  a  twofold 
application  of  the  heat  generated  evidently  will  not  be  confined 
to  the  manufacture  of  gas  only,  but  may  be  made  available  to 
many  processes  in  the  arts  and  manufactures,  now  carried  on  as 
separate  operations,  which  require  a  high  and  constant  tempera- 
ture, such  as  by  this  system  is  ensured.  The  arrangements  under 
this  head  are  shown  in  a  supplementary  drawing. 

"  The  novel  system  above  proposed,  of  conducting  under  high 
pressure  the  combustion  of  fuel  for  almost  every  conceivable  pur- 
pose, is  believed  to  open  a  cheering  prospect  of  abolishing  the 
tens  or  hundreds  of  thousands  of  chimneys  which  now  pour  into 
the  atmosphere  of  our  large  cities  those  masses  of  filthy  and 
noxious  smoke  (that  is,  of  unconsumed  combustible  matter)  which 
now  encompass  them,  and  begrime  their  populations  and  build- 
ings ;  and  of  reducing  by  90  per  cent,  the  expenditure  of  the 
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fuel  requisite  for  all  purposes,  whether  of  mechanical  power,  of 
the  industrial  arts,  or  of  domestic  comfort,  luxury,  and  elegance, 
with  more  than  a  proportionate  advance  in  the  general  comfort 
and  refinement  of  domestic  life,  and  the  health  of  all  classes  of 
our  city,  and  of  many  classes  of  our  rural  populations." 

70.  The  Heated  Air  Engine. — Under  this  title,  the  "  Me- 
chanics' Magazine,"  of  date  December  1st,  1865,  has  the  follow- 
ing. (The  article  is  illustrated  by  an  engraving,  not  here  given) : — 
"  This  engine,  which  is  of  American  origin,  differs  in  its  mechani- 
cal construction  and  operation  from  the  other  hot  air  engines 
which  have  been  constructed  ;  as  it  uses  the  products  of  combus- 
tion and  expansion  of  the  heated  air  in  direct  communication 
with  the  working  piston ;  the  regulating  and  controlling  of  it 
being  performed  by  the  agency  of  improved  induction  and  educ- 
tion valves.  The  other  engines  have  only  used  the  products  of 
combustion  to  heat  the  air  introduced  by  pressure  into  an  air 
chamber  or  generator,  whereby  an  immense  amount  of  power  has 
been  wasted  or  lost,  which  might  have  been  rendered  available 
by  using  it  in  connection  with  the  expanded  atmosphere.  The 
engine  is  perfectly  self-contained ;  the  air-pump,  cylinder,  and 
furnace  being  bolted  down  on  a  base  or  sole  plate,  and  it  can 
be  moved  into  its  position  and  at  once  started  to  work,  whereby 
the  loss  of  time  incurred  where  foundations,  &c.,  for  boiler  and 
engine  have  to  be  put  up  is  entirely  saved.  Its  parts  consist  of 
an  air-pump,  a  furnace  connected  by  proper  passages  with  the 
air-pump ;  a  cylinder,  to  and  from  which  the  heated  air  is  ad- 
mitted and  withdrawn  by  the  valves  and  their  arrangements  ;  the 
beam,  connecting  rod,  and  governor  are,  as  in  an  ordinary  beam 
engine,  for  communicating  the  power  to  machinery  requiring  it ; 
and  the  bed  plate  or  sole  piece,  on  which  the  whole  is  bolted  and 
supported. 

"  The  air  being  drawn  into  the  pump,  at  the  upstroke  of  its 
piston,  is  by  its  downward  motion  forced  through  the  passages 
into  the  furnace,  on  its  way  to  which  it  passes  round  the  lower 
part  of  the  cylinder  to  keep  it  cool,  getting  gradually  heated  on 
its  way,  and  passes  under  the  bottom  of  the  furnace,  and  enters 
a  passage  on  one  side  of  it,  passing  up  and  entering  into  the  fur- 
nace over  the  burning  fuel,  where  it  mixes  with  the  gases  and 
other  volatile  products  of  combustion ;  then  passes  out  of  the 
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furnace  through  a  proper  opening  into  the  valve  chest,  whence 
at  the  right  moment,  by  means  of  the  induction  valve,  it  enters 
under  the  piston,  forcing  it  to  the  end  of  the  stroke,  at  which 
moment  the  induction  valve  closes,  the  eduction  valve  opens,  the 
heated  air  escapes,  and  the  piston  is  brought  down  to  the  boi/tom 
of  the  cylinder  again,  by  the  dead  weight  of  it,  assisted  by  the 
momentum  of  the  fly  wheel  and  other  moving  parts.  We  may 
add  that  this  engine  is  to  be  seen  at  work  at  jS'o.  16,  Laurence 
Pountney-lane,  City.  Having  inspected  its  working  we  can 
testify  to  the  efficiency  of  the  arrangement." 

71.  Van Deicaters  Turbine  Water  Wheel. — In  the  "Scientific 
American,"  the  following  remarks  on  this  form  of  turbine  are 
given.  They  are  illustrated  by  four  drawings,  one  of  which  we  give 
in  Fig.  19,  namely,  a  section  showing  the  shape  of  the  buckets. 

FiV.  19. 


'  These  wheels  are  quite  celebrated,  and  are  in  use  in  all  parts  of 
tlie  country.  We  have  seen  testimonials  from  different  parties 
now  using  them,  who  express  the  greatest  confidence  in,  and 
satisfaction  with  them.     Mr.  Van  Dewater  says  :  — 

"  My  experience  for  upwards  of  twenty-three  years  has  enabled 
me  to  become  thoroughly  acquainted  with  all  the  difficulties  that 
each  and  every  water-wheel  of  the  day  is  subject  to,  and  I  have 
made  etibrt  to  avoid  them  ;  from  my  certificates  I  think  that 
manufacturers  and  mill-owners  will  be  able  to  convince  them- 
selves of  its  utility  and  superiority.  My  long  experience  in 
])uilding  turbines  has  enabled  me  to  construct  my  buckets  so  as 
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to  gain  a  maximum  speed  of  the  velocity  of  the  water  on  all 
their  points  at  the  working  speed  of  the  wheels. 

"  I  am  ready  at  all  times  to  contract  with  manufacturers  and 
mill-owners,  to  construct  and  set  in  operation  my  Improved 
Jonval  Water  Wheel,  from  3  to  350  horse  power,  upon  the  most 
reasonable  and  satisfactory  terms.  The  wheel  is  highly  finished, 
and  the  buckets  are  polished,  and  so  constructed  that  they  can 
be  built  of  iron  or  steel.  I  am  willing  to  warrant  my  wheel  to 
work  up  to  my  table,  which  yields  the  most  horse  power  from 
the  amount  of  water  used.  The  great  outlay  of  building  pen- 
stock is  avoided,  and  under  a  fall  from  15  to  25  feet  the  pressure 
is  so  great  that  the  jloom  must  waste  more  or  less  water  in  time 
if  the  wheel  is  not  located  near  the  upper  level  of  the  fall.  It 
can  be  located  at  any  point,  or  between  two  levels  of  the  fall,  or 
set  in  the  bottom  of  the  floom. 

"An  18  inch  wheel,  under  6  feet  head,  24  inches  of  water, 
makes  189  revolutions  per  minute  at  work — giving,  according 
Mr.  Van  Dewater,  1"81  horse-power;  and  he  says  he  has  yet  to 
learn  of  a  single  instance  where  they  have  failed  to  give  satis- 
faction." 

72.  On  a  new  Water  Engine. — At  a  meeting  of  the  In- 
stitution of  Engineers  in  Scotland,  reported  in  the  "Practical 
Mechanics' Journal  for  April  1865."  Mr.  C.  H,  L.  Fitzwilliaras 
read  a  paper  descriptive  of  this  : — 

"  In  places  where  a  constant  supply  of  water  at  a  high  pres- 
sure can  be  easily  obtained,  as  is  the  case  in  most  large  towns, 
small  water  engines,  for  driving  light  machinery  not  constantly 
in  use,  can  be  more  advantageously  used  than  small  steam 
engines  to  perform  the  same  work  ;  for  instance,  for  driving 
organ  bellows,  small  turning  lathes,  hair-brushing  machines,  &c. 
By  the  simple  turning  of  a  tap  the  engine  is  started,  and  the 
same  tap  serves  also  to  regulate  the  speed  and  the  power  at  which 
the  engine  works. 

"  The  cylinder  engine  and  the  turbine  are  the  only  engines  at 
present  used  for  such  purposes. 

"I  have  the  honour  to  lay  before  you  a  drawing  of  a  water 
engine  on  a  new  principle,  which  I  hope  you  will  think  worthy 
of  your  attention. 

"  In  the  drawings  before  you  (ohq  only  of  four  given  in  the 
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Fig.  20. 


*  Practical  Mechanic's  Journal '  is  here  given,  Fig.  20),  the  water 
enters  the  engine  from  the  supply  pipe  at  a,  presses  on  the  piston 
at  B,  driving  it  round  to  c,  making  the  drum  M  take  the  position  of 
the  drum  N,  as  shown  in  drawing ;  the  shafts,  e  and  e',  being 
geared  together,  n  takes  the  position  of  m,  as  shown  in  drawing, 
after  the  first  half  revolution  ;  the  water  then  acts  on  g'  as  before 
on  B,  the  driving  pressure  being  during  one-half  of  a  revolution 
on  the  one  shaft,  and  during  the  other  half  of  the  revolution  on 
the  other.  The  water,  after  it  has  done  its  work,  is  discharged 
at  D.  The  teeth  of  the  wheels,  f  and  f',  are  stepped,  to  make 
the  movements  of  the  two  shafts  more  equal,  g  is  the  casing, 
H  is  the  cover. 

"Three  years  ago,  Professor  Weber  of  Gottingen,  in  one  of  his 
lectures,  mentioned  that  a  new  sort  of  air-pump  had  been  in- 
vented by  a  man  of  tlie  name  of  Repsold,  in  Hamburg,  and  used 
by  him  to  discover  leaks  in  the  system  of  gas-piping  laid  down 
in  that  town.  Weber  made  a  rough  sketch  of  the  machine,  and 
explained  its  theory,  showing  that  the  volume  of  the  air  passing 
through  the  pump  during  every  part  of  a  revolution  was  constant. 
Now,  it  struck  me  at  the  time  that  this  machine  would  make  a 
good  water  engine,  for  if  it  was  worked  as  an  engine  it  would 
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have  no  dead  points,  and  also  the  pressure  of  the  water  on  the 
driving  piston  would  be  constant  at  all  points  of  a  revolution. 
When  I  considered  the  question  more  fully,  I  found  that  my 
supposition  was  quite  correct. 

"  In  my  design  of  an  engine  on  this  plan  which  you  have  now 
before  you,  the  piston  surface  is  3 "75  square  inches;  the  stroke, 
or  its  equivalent  in  this  sort  of  engine,  is  12 '5  6  inches.  Sup- 
posing the  machine  to  work  at  1000  revolutions  per  minute,  the 
piston  must  travel  1046 "6 6  feet  per  minute;  if  the  pressure  is 
40  lbs.  per  square  inch,  the  total  work  done  by  the  water  is 

40  X  3-75  X  1046-66  .  ^f.  ,,.,  ,  ,,  £c  ■  j.  n  or- 
— — =  4 -7 5  H.P.  What  the  coefficient  of  effi- 
ciency of  the  engine  is  I  cannot  say ;  it  is  not  easy  to  calculate, 
and  has  not  been  determined  practically.  That  of  a  well-con- 
structed turbine,  according  to  Eankine  and  Delauny,  is  '75  ; 
though  Mr.  Schiele  says  his  turbine  utilizes  '89  of  the  power 
expended.  Sir  William  Armstrong  gets  by  his  cylinder  engines 
from  '66  to  '77  per  cent.  The  actual  power  of  the  engine  would 
he,  I  should  think,  somewhat  over  3  "5  h.p.  If  the  fall  is  not 
more  than  30  feet,  it  cannot  matter  much  where  the  engine  is  placed 
with  regard  to  it.  It  would  be  just  as  efficient  if  it  were  placed 
at  the  top  of  the  fall,  as  it  would  be  when  placed  at  the  bottom. 

"The  water  moves  through  the  engine  in  one  solid  stream, 
during  one  half  of  a  revolution  down  one  side,  and  during  the 
other  half  down  the  other.  A  comparatively  small  surface  of  the 
water  cjmes  in  contact  with  the  sides  of  the  engine,  so  the  fric- 
tion cannot  be  great  between  either  the  water  and  the  engine 
itself,  or  between  the  different  molecules  of  the  water.  The 
drums  ought  to  fit  as  well  as  possible,  without  touching  each 
other  or  the  casing. 

"  If  the  engine  has  work  to  do  of  an  irregular  nature,  the 
stored  force  in  the  column  of  water  in  the  supply  pipe  comes  into 
play,  and  acts  in  the  same  way  as  that  stored  in  a  fly-wheel.  In 
the  cylinder  engine  this  same  latent  force  is  a  source  of  great 
trouble  and  waste.  Sir  W.  Armstrong  in  his  hydraulic  engine 
has  recourse  to  relief  valves,  in  the  valve  casing,  allowing  water 
to  escape  into  the  exhausfc  when  the  pressure,  at  the  turn  of  the 
stroke,  gets  higher  than  the  engine  can  bear  with  safety.  His 
engine,  when  this  happens,  is  said  to  'over-run'  itself 
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"  A  small  rotary  water-pressure  engine  on  this  plan  works  well 
as  a  water  meter,  as  the  same  quantity  of  water  must  be  used  for 
each  revolution,  so  that  knowing  the  number  of  revolutions 
made,  the  quantity  of  water  passed  through  the  machine  is  also 
known.  I  have  tried  this  model  as  a  meter,  and  found  that, 
although  the  drums  do  not  fit  at  all  well,  it  allows  very  little 
water  to  run  through  it  unaccounted  for.  When  running  at 
2,208  revolutions  per  minute,  the  slip  was  1*21  per  cent.  The 
pressure  on  the  water  was  about  6  lbs.  or  7  lbs.  per  square  inch. 
I  could  not  try  it  at  any  higher  speed,  as  the  cock  from  which  I 
got  the  water  was  very  small,  and  could  not  supply  enough  to 
drive  the  model  any  quicker.  When  running  at  slower  speeds, 
I  found  the  slip  to  be  relatively  greater,  though  the  pressure  was 
much  less.  At  first  sight  one  would  be  led  to  suppose  that  the 
higher  the  speed,  and  consequently  the  pressure,  the  greater 
would  be  the  slip,  but  this  is  not  the  case.  When  running  at 
a  very  high  speed  the  escape  between  the  drums  is  much 
diminished.  Directly  any  water  manages  to  get  between  them, 
it  is  thrown  back  again,  as  the  surfaces  of  the  drums,  between 
which  it  tries  to  pass,  are  moving  quickly  in  the  opposite  direc- 
tion. The  engine  can  be  worked  as  a  purnj)  when  driven  by  a 
pulley  off"  some  other  engine.  A  pump  made  on  this  plan 
would  possess  the  advantage  over  the  common  centrifugal  pump, 
that  it  can  work  at  quick  or  slow  speeds  with  equal  efficiency. 

"This  principle  might  also,  I  think,  be  adopted  to  advantage  in 
the  construction  of  an  exhauster  in  a  gas-work,  to  facilitate  the 
transportation  of  the  gas  from  the  retorts  into  the  gas-holder,  as 
it  can  run  at  a  very  high  speed  without  fear  of  its  getting  out  of 
order  and  breaking  down.  I  believe  a  good  machine  of  this 
sort  is  very  much  wanted. 

"  I  think  I  have  now  stated  the  principal  uses  to  which  engines 
made  on  this  principle  may  be  applied,  and  hope  that  before 
long  I  may  have  the  pleasure  to  see  an  engine  constructed  after 
my  design  put  to  some  practical  use." 
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divisio:n'  fifth. 

GENERAL  MACHINERY— TOOLS. 

73.  Engineers'  Tools. — The  following  article,  which  we  ex- 
tract from  the  "Engineer,"  June  23d,  1865,  "vvill  appropriately 
head  the  present  Division  of  our  work.  "  Although  the  prin- 
ciple of  action  may  be  much  the  same  in  most  cutting  tools,  the 
modes  of  its  application  to  particular  classes  of  work  are,  na- 
turally, being  constantly  extended.  When  iron  was  once  trued 
to  a  flat  surface  by  means  of  the  chisel  and  the  file,  the  planin<7 
machine  deservedly  ranked,  upon  its  first  appearance,  as  an  in- 
vention not  only  of  importance,  but  of  no  inconsiderable  inge- 
nuity. But  so  accustomed  are  we  now  to  so  many  varieties  of 
engineers'  tools  that  it  is  difficult  to  fully  realise  that  they  are  of 
very  recent  origin  j  and  so  simple  and  so  much  a  matter  of  course 
is  their  action  that  it  is  almost  a  question  in  some  minds  whether 
they  embody  any  real  ingenuity  at  all.  But,  even  to  the  most 
careless  as  well  as  to  the  best  observers  of  mechanical  ingenuity, 
there  is  a  wit,  so  to  speak,  in  many  of  the  later  adaptations  of 
tools  to  irregular  or  special  work.  Until  lately  the  inner  sur- 
faces of  the  rims,  between  the  spokes,  of  railway  wheels  were 
either  left  rough,  as  they  came  from  the  forge,  or  trued  up  with 
the  chisel.  The  finish  was  not  only  imperfect,  but  the  least  ir- 
regularity in  weight,  in  a  wheel  going  perhaps  sixty  miles  an 
hour,  is  a  cause  of  extra  disturbance  and  wear.  By  a  very  simple 
adaptation  of  the  shaping  machine  the  surfaces  between  the  spokes 
of  railway  wheels  are  now  finished  to  a  curve,  by  a  tool  moving 
in  an  arc  across  the  width  of  the  rim.  In  real  simplicity  there 
is  scarcely  more  in  this  than  in  any  other  mode  of  machine 
shaping ;  but  the  purpose  and  the  machine  itself  are  unique,  and 
whether  we  say  '  a  happy  idea,'  or  a  '  neat  dodge,'  we  equally  ex- 
press the  pleasure  which  every  exhibition  of  real  ingenuity  always 
affords.  There  is  cleverness,  too,  in  the  working  of  planing  tools 
around  the  curved  or  oblique  edges  of  armour  plates,  and  there  is 
a  distinct  satisfaction,  known  to  the  mind  of  every  real  mechanic 
(if  the  mechanics  who  prefer  the  term  '  engineer '  will  pardon  us), 
in  seeing  the  edges  of  a  united  thickness  of  3  ft.  of  ships'  plates 
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squared  at  one  operation  by  cutters  fixed  upon  a  revolving  face 
plate.     The  machine  for  rifling  cannon  is  another  form  of  neat 
mechanical  adaptation,  as  is  that,  also,  for  planing  the  Whitworth 
polygonal  shot     It  only  needs  new  purposes,  however,  to  pro- 
duce an  almost  endless  variety  of  equally  neat — -for  we  can  hardly 
choose  a  word  which  better  expresses  the  idea — of  equally  neat 
mechanical  combinations  in   engineers'  tools.      When  engineers 
were   debating — as  many  of  them,  perhaps,   are   still  debating 
— the  merits  of  drilled  rivet  holes,  the  multiple  drilling  machine 
was  brought  out.     We   must  own  that  there  is  much   contra- 
dictory rumour  as  to  the  real  use  of  this  tool,  or,  in  other  words, 
of  its  being  used  by  those  who  have  it  in  their  works.     It  is 
an  ingenious  machine,  in  many  points,  nevertheless.    So,  too,  was 
the  multifarious  punching  machine,  by  the  late  Mr.  Richard  Ro- 
berts.    Only  one,   that  now  at  the   Canada  Works,  at  Birken- 
head, was  ever  made.     Another,  which,  when  completed,  will  be 
the  second,  is  now  in  progress  at  the  works  of  the  London  En- 
gineering and  Iron  Shipbuilding  Company.     We  shall  not  now 
revive  the  question  of  drilled  v.  punched  rivet  holes  further  than 
to  say  that,  while  Mr.  Maynard's  experiments,  made  public  a 
year  ago,  show  an  average  nett  gain  of  15  per  cent,  in  the  strength 
of  drilled  over  punched  work,  others,  who  are  reckoned  high  au- 
thorities, but  who   have  not  published  their  experiments,  deny 
that  drilled  work  has  any  real  advantage  whatever.     Keeping  to 
our  present  subject,  the  machines,  both  for  multiple  drilling  and  for 
multiple  punching,  are  ingenious  and  eifective.     So  is  the  ma- 
chine for  working  out  the  throws  of  crank  axles,  while  the  crank 
is  held  down  in  a  fixed  position.     And  there  is  a  neat  adapta- 
tion of  means  to  ends  in  the  simple  gear  now  used  in  some,  if 
not  in  all,  locomotive  workshops  for   planing  the  valve  faces  of 
cylinders  in  situ.    Many  of  these  machines  are  not  known  as  they 
deserve  to  be,  but  in  an  article  like  the  present  it  would  be  tedious 
to  describe  them,  and,  we  fear,  still  more  tedious  to  our  readers 
generally  to  read  descriptions  of  them.     Whatever  the  arrange- 
ment of  the  parts  may  be,  most  engineers'  tools  are  employed 
to  alter   the   surfaces   and  forms  of  metals  by  cutting,   either 
superficially  or  by  deep  incision  or  complete  perforation.     And 
in  all  tools  there  is  either  to  be  effected  the  movement  of  the 
cutting  tool  against  the  fixed  object,  or  the  movement  of  the  ob- 
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ject  operated  upon  against  the  fixed  cutting  instrument.  And  the 
working  gear,  while  it  must  consist  essentially  of  well-known 
parts,  is  variable  to  an  almost  infinite  extent  in  its  combination. 
What  these  variations  are  our  readers  are  in  the  habit  of  seeing 
frequently  illustrated  and  described  in  the  appropriate  pages  of 
The  Engineer. 

"  It  is  hardly  necessary  to  say  that,  with  the  increasing  sub- 
stitution of  steel  for  iron,  heavier  and  heavier  tools  are  required. 
It  is  something  to  see  a  chip  5  in.  or  6  in.  wide,  and  nearly  ^ 
inch  thick,  taken  off  the  edge  of  an  armour  plate,  at  the  rate  of 
15  ft.  or  20  ft.  per  minute,  and  as  quietly  as  if  the  plate  were  of 
lead  instead  of  iron.  With  Krupp's  steel,  and,  indeed,  most 
steel,  the  rate  of  cut  cannot  well  be  much  above  one-half  that 
usual  in  iron  ;  and  it  is  an  object,  therefore,  to  have  as  strong 
tools,  and  to  take  as  large  a  cut  as  possible,  in  working  in  such 
rnetals,  which,  on  some  lines  of  railway,  are  now  employed  ex- 
clusively for  crank  axles,  tires,  guide  bars  and  piston  rods,  and 
the  use  of  which,  indeed,  is  becoming  the  rule  rather  than  the 
exception  for  most  of  the  working  parts  of  locomotive  engines. 

"  For  ordinary  planing  and  turning,  the  action  of  the  tools 
being  invariable  in  principle,  no  great  change,  of  course,  can  be 
introduced  into  the  details  of  construction.  Many  of  our  readers, 
members  of  the  Institution  of  Mechanical  Engineers,  will  have 
lately  received  copies  of  Mr.  Fletcher's  practical  and  interesting 
paper  on  machine  tools,  read  last  year  at  the  Glasgow  meeting. 
It  is  seldom,  indeed,  that  we  get  a  paper  now-a-days,  upon  ma- 
chine tools.  As  the  late  Mr.  Robert  Stephenson  once  said,  at  a 
discussion  at  the  Institution  of  Civil  Engineers,  upon  Mr.  Sawyer's 
paper,  they  present  but  little  matter  for  discussion.  An  engineer 
is  apt  to  look  upon  machine  tools  much  as  a  hard-working  man 
would  look  upon  his  own  frame.  Both  would  be  inclined  to  say 
that  the  object  in  mind  was  an  ordinance  of  nature,  and  that 
there  was  nothing  to  discuss  more  than  there  is  in  the  height  of 
Snowdon,  or  Ben  Nevis,  or  in  the  flow  of  the  Thames  or  the 
tides.  A  machine  tool,  however  termed,  is  but  an  instrument 
for  applying  force — and  it  may  be  steam  force,  or  water  force,  or 
brute  force — to  the  shaping  of  one  of  the  most  obdurate  metals 
known  in  the  arts.  It  is  only  in  points  of  detail  that  engineers' 
tools  are  really  interesting,  even  to  engineers ;  and  the  details 
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are  tedious  of  popular  discussion  chiefly  because  they  are  con- 
stantly varying." 

74.  On  Improvements  in  heavy  Tools  for  General  Engi- 
neering and  Iron  Shipbuilding  Work.  —  A  paper  (alluded  to 
in  the  last  par.)  by  Mr.  James  Fletcher  of  Manchester,  was 
read  before  the  "  Institution  of  Mechanical  Engineers,"  and 
fully  reported — with  numerous  illustrations — in  the  "Engi- 
neer," under  dates  June  23d  and  30th,  1865,  from  which 
report  we  take  the  following :  — "  During  the  last  thirty 
years  the  great  rise  and  progress  have  taken  place  in  the  con- 
struction and  application  of  general  engineering  and  iron  ship- 
building tools,  their  manufacture  now  forming  a  very  important 
branch  of  mechanical  engineering.  Forty-five  years  ago,'  at  the 
commencement  of  the  writer's  career  as  a  mechanic,  tools  were  of 
a  very  rude  and  primitive  description,  the  lathe  and  drill  being 
about  the  only  ones  then  in  general  use ;  slide  lathes  were  pos- 
sessed only  by  a  few  persons,  being  made  with  great  labour  and 
expense,  and  very  inferior  in  point  of  workmanship, 

"  The  introduction  of  the  planing  machine,  however,  and  its 
subsequent  development,  effected  an  entire  change  in  the  manu- 
facture of  tools  and  machinery  of  every  class,  giving  the  means 
of  carrying  out  with  facility  many  works  which  had  been  left 
unattempted  previously  as  too  expensive  or  impracticable,  and 
opening  the  way  for  improvements  and  invention  generally ;  and 
in  a  short  time  these  machines  became  indispensable  in  every 
workshop.  The  slide  lathe  became  then  comparatively  easy  of 
manufacture,  and,  in  conjunction  with  the  planing  machine  and 
self-acting  drill,  formed  a  most  important  feature  in  the  advance- 
ment of  engineering  work.  Still  much  remained  to  be  effected : 
a  large  proportion  of  work  was  done  by  hand,  especially  the 
smaller  portions  of  machinery,  until  slotting  and  shaping  ma- 
chines were  brought  into  us(?,  and  special  tools  were  adapted  for 
all  parts  where  a  quantity  of  work  was  required  to  be  produced. 
By  the  gradual  introduction  and  perfecting  of  the  regulator  screw, 
the  wheel-cutting  engine,  standard  gauges,  large  surface  plates, 
long  straight  edges,  and  scraped  surfaces,  combined  with  the  im- 
proved tools,  not  only  was  the  amount  of  manual  labour  consider- 
ably diminished,  but  the  work  was  done  more  expeditiously,  and  a 
much  greater  degree  of  accuracy  was  attained,  whereby  the  work- 
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manship  in  all  classes  of  machinery  was  remarkably  improved 
and  at  a  great  reduction  in  cost.  As  engineering  skill  was 
brought  to  bear  on  schemes  which  could  not  previously  have  been 
carried  out,  so  were  tools  enlarged  and  new  ones  invented,  to 
meet  the  exigencies  of  new  works ;  until  engineers  and  others 
became  really  dependent  for  the  accuracy  and  execution  of  their 
work  upon  the  tools  that  could  be  employed  for  the  purpose. 
The  steam  engine,  with  all  the  inventive  genius  that  has  been 
concentrated  upon  it,  would  without  these  tools  have  still  been 
most  imperfect  in  construction,  and  would  have  formed  a  wide 
contrast  to  the  engines  erected  at  the  present  day,  in  point  of 
excellence  of  workmanship,  durability,  and  cost.  Many  instances 
could  be  given  where  tools  of  unusually  large  dimensions  or  the 
most  minute  description  are  indispensable  for  the  execution  of 
the  work  required. 

"  The  great  change  which  has  taken  place  in  the  substitution 
of  wrought  iron  for  wood  or  cast  iron,  especially  in  ship  and 
bridge  building,  is  a  subject  worthy  of  special  attention.  In  ship- 
building the  use  of  wrought  iron  has  advanced  with  such  rapid 
strides  during  the  last  twenty  years  as  to  cause  a  complete  revo- 
lution in  the  trade.  The  transition  was  so  sudden,  and  the  de- 
mand so  great,  that  much  difficulty  was  experienced  in  procuring 
a  sufficient  number  of  the  necessary  class  of  workmen,  until  those 
who  had  previously  been  employed  as  shipwrights  in  building 
wooden  vessels  were  in  a  short  time  enabled,  by  the  assistance  of 
improved  tools  and  appliances,  to  compete  with  more  practised 
hands,  and  to  cope  easily  with  the  heavy  modern  work.  Im- 
provements in  the  construction  of  iron  ships  were  then  rapidly 
developed.  New  tools  were  called  for  and  produced,  by  means 
of  which  the  work  has  been  materially  improved  and  facilitated ; 
the  edges  of  the  plates  are  now  planed  to  make  perfectly  fitting 
joints,  and  multiple  drilling  machines  are  rapidly  coming  into 
use  for  drilling  a  large  number  of  holes  at  once  in  the  plates  or 
keel  bars. 

"  Another  important  feature  in  connection  with  improved  tools 
is  the  direct  application  of  steam  power  to  individual  machines, 
especially  those  for  the  purpose  of  punching  and  shearing  plates 
or  cutting  bars,  &c.,  by  the  combination  of  a  small  steam  engine 
with  each  machine ;  thus  rendering  the  machines  portable,  en- 
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tirely  self-contained,  and  independent  of  other  sources  of  driving 
power,  and  thereby  saving  in  many  instances  the  necessity  of 
running  a  large  engine  and  quantity  of  shafting  to  drive  only  one 
or  uwo  machines,  when  pressed  for  the  work  upon  which  they  are 
engaged,  and  entirely  dispensing  with  shafting  and  the  usual  at- 
tendant expenses.  By  this  means,  and  by  the  use  of  an  under- 
ground steam  pipe  with  branches  at  convenient  points,  either  in 
workshops  or  along  the  sides  of  docks,  these  machines  may  be 
moved  about  to  any  part  required,  and  thus  obviate  the  inconve- 
nience and  loss  of  time  in  carrying  work  to  and  from  the  ma- 
chines. Steam  pipes  of  great  length  are  now  being  used  and  are 
found  very  satisfactory  for  purposes  of  this  description ;  and  this 
plan  makes  a  much  more  convenient  and  less  costly  arrangement 
than  shafting,  which  requires  constant  attention." 

(a.)  Lathes. — "  In  the  earlier  construction  of  the  lathe  the  slide 
rest  was  the  first  great  step  towards  the  principle  of  the  slide 
lathe,  and  no  doubt  led  to  that  invention,  which  was  considered 
impracticable  before  planing  machines  were  made  of  sufficient 
magnitude  to  plane  a  lathe  bed  of  even  small  dimensions.  A 
few  slide  lathes  had  indeed  been  made,  the  beds  of  which  were 
composed  of  a  timber  framing,  covered  with  iron  plates  on  the 
upper  side  to  preserve  the  surface,  similar  to  those  which  were 
previously  used  for  the  ordinary  hand  lathes,  with  the  exception 
that  the  outer  edges  of  the  iron  plates  were  made  of  suitable  shape 
to  form  the  V's  for  the  carriage  to  slide  upon.  It  was  not, 
however,  until  some  time  after  the  introduction  of  the  planing 
machine  that,  the  cost  of  workmanship  being  considerably  less- 
ened, slide  lathes  came  into  general  use,  and  their  utiUty  was  fully 
acknowledged  and  attention  directed  to  their  improvement. 

"  The  application  of  a  screw  to  the  sUde  lathe,  so  as  to  render 
it  capable  of  both  sliding  and  screw  cutting,  was  the  next  im- 
poHant  improvement ;  and  a  great  amount  of  time,  perseverance, 
and  capital  was  expended  by  a  few  persons  in  endeavouring  to 
perfect  this  portion  of  the  lathe.  A  short  screw  was  first  made 
as  accurately  as  possible,  with  the  rude  means  then  possessed, 
from  which  one  was  cut  double  the  length,  by  changing  the  turned 
bar  end  for  end  in  the  lathe  after  cutting  one  half.  Subsequently, 
by  following  out  this  principle,  screws  were  capable  of  being  made 
of  any  length  required. 
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"  After  this  the  surfacing  motion  was  introduced ;  and  also  the 
use  of  a  shaft  at  the  back  of  the  lathe,  in  addition  to  the  regu- 
lator screw,  for  driving  the  sliding  motion  by  rack  and  pinion, 
instead  of  both  the  motions  of  sliding  and  screw  cutting  being 
worked  by  the  screw"  alone.  For  it  was  found  that  the  threads 
of  that  portion  of  the  screw  nearest  the  fast  headstock,  being 
most  in  use,  were  worn  thinner  than  the  other  parts ;  and,  in 
consequence,  the  lathe  did  not  cut  a  long  screw  with  the  degree 
of  accuracy  which  it  otherwise  would  have  done. 

"Thus,  step  by  step,  improvements  were  gradually  brought 
forward ;  the  four  jaw  and  universal  chucks,  and  other  important 
appliances,  were  added,  so  as  to  render  the  lathe  applicable  to  a 
great  variety  of  work,  even  cutting  spiral  grooves  in  shafts,  scrolls 
in  a  face  plate,  skew  wheels,  and  also  turning  articles  of  oval, 
spherical,  or  other  forms.  The  duplex  lathe,  with  one  tool  acting 
in  front  and  the  other  behind  the  work,  is  also  found  to  be  a 
very  useful  arrangement  for  sliding  long  shafts,  cast-iron  rollers, 
cylinders,  and  a  great  variety  of  work,  where  a  quantity  of  the 
same  kind  and  dimensions  has  to  be  turned. 

"  I  may  call  attention  to  an  improved  lathe  designed  for  the 
purpose  of  turning  long  shafts,  screws,  or  other  articles.  The 
bed  is  40  ft.  long,  cast  in  one  piece  and  planed  the  entire  length 
at  once.  It  is  provided  with  two  pairs  of  headstocks,  placed 
right  and  left  hand,  each  pair  having  its  own  carriage  and  tool 
chest,  and  working  entirely  independent  of  the  other ;  the  one 
pair  being  15  in.  high  to  the  centre,  and  other  12  in.  high.  In 
connection  with  the  larger  headstocks  is  a  regular  screw,  running 
through  the  entire  length  of  the  bed,  by  means  of  which,  when 
the  other  headstocks  are  removed,  a  screw  35 J  ft.  long  may  be 
cut  at  once.  The  smaller  headstocks,  by  means  of  a  separate 
shaft  at  the  back  of  the  lathe,  are  capable  of  sliding  an  article 
25  ft.  long,  and  can  also,  if  required,  be  provided  with  a  screw- 
cutting  arrangement.  Thus  this  lathe  possesses  the  advantages 
of  being  used  as  two  lathes  for  work  of  an  ordinary  character, 
but  at  the  same  time  a  very  long  shaft  may  be  turned  when  re- 
quired. In  many  workshops  a  long  lathe  is  an  absolute  necessity, 
although  the  whole  length  of  the  bed  may  not  be  required  many 
times  during  the  year ;  and  unless  some  similar  arrangement  to 
the  one  above  described  is  adopted,  a  large  portion  of  the  lathe  bed, 
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taking  up  valuable  space,  would  remain  idle  and  useless  the  greater 
portion  of  the  time.  Again,  in  sliding  long  shafts  the  two  car- 
riages and  tools  may  be  in  operation  at  once  upon  the  same  piece  of 
work,  and  thus  economise  time.  The  headstocks  being  placed 
right  and  left  hand,  the  loose  headstocks  are  thus  able  to  accom- 
modate each  other  to  the  different  lengths  of  work,  thereby  avoid- 
ing the  necessity  of  moving  the  fast  headstock  and  top  cone 
pulley  when  any  work  above  half  the  total  length  of  beds  is  to  be 
turned. 

(b.)  "  The  Planing  Machine  is  one  of  the  most  important  tools 
in  use,  and  has  done  more  towards  the  advancement  and  success 
of  engineering  work  than  any  other  invention,  with  the  exception 
of  the  lathe  ;  and  has  passed  through  a  great  number  of  changes 
since  its  first  introduction  down  to  the  present  time. 

"  In  the  first  planing  machines  the  table  was  moved  by  means 
of  a  chain  winding  on  a  drum,  as  in  the  old  hand  machines. 
But  this  mode  was  found  to  be  very  objectionable ;  the  cut  was 
unsteady,  and  when  the  tool  was  suddenly  relieved  at  the  end 
of  its  cut,  the  table  had  a  tendency  to  spring  forwards ;  it  was 
also  driven  at  the  same  speed  both  forwards  and  backwards, 
and  thus  a  great  loss  of  time  was  occasioned.  This  was  much 
improved  upon  by  the  use  of  a  rack  and  pinion,  arranged  to 
give  a  quick  return  motion,  and  also  afterwards  by  the  screw 
arrangement.  Much  difference  of  opinion  has  existed  as  to  the 
relative  value  of  the  rack  and  the  screw  for  driving  the  table  of 
planing  machines.  The  writer  will  not,  therefore,  go  into  this 
question  further  than  to  state  that  his  own  long  experience  in 
this  class  of  machines,  after  having  made  a  large  number  with 
both  appliances,  has  led  him  to  the  opinion  that  the  rack  is  de- 
cidedly the  most  preferable  mode  of  driving. 

"  In  some  of  the  earliest  planing  machines  the  Vs  were  made 
inverted,  evidently  with  the  idea  of  preventing  any  cuttings  that 
fell  upon  the  wearing  surfaces  from  remaining  upon  them.  They 
proved,  however,  to  possess  no  advantage  even  in  this  particular, 
as  the  finer  portions  of  the  cuttings  still  adhered  ;  and  in  addition 
it  was  found  that  from  the  motion  of  the  table  the  oil  by  its  own 
gravity  would  not  remain  upon  the  surfaces,  and  thus  cause  them 
to  cut  and  wear  away  quickly.  They  were  afterwards  made  an 
ordinary  V  shape  and  found  to  answer  much  better,  as  the  V 
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formed  a  reservoir  to  contain  the  oil  in  a  groove  at  the  bottom, 
from  which  it  was  raised  at  each  stroke  by  the  motion  of  the 
table  and  the  apparatus  attached  for  that  purpose.  The  Vs  have 
been  constructed  of  different  angles  and  widths  of  surface ;  but 
it  is  the  writer's  opinion  that  at  the  present  time  many  machines 
aip  made  with  the  angle  too  obtuse,  and  the  surfaces  widened  to 
too  great  an  extent.  In  machines  with  very  shallow  Vs  taking 
a  heavy  cut  off  a  light  article  with  the  tools  on  the  uprights,  the 
table  is  liable  to  shift  sideways,  causing  the  tools  to  dig  into  the 
work  and  occasion  much  mischief.  Also  with  very  wide  Vs  the 
table  when  making  short  strokes  cannot  work  the  oil  up  to  the 
top  of  their  surfaces,  and  thus  allows  them  to  cut  or  gall.  The 
writer  has  in  use  a  planing  machine  with  a  bed  54  ft.  long,  the 
Vs  of  which  have  only  2  in.  of  surface  on  each  side,  and  are 
planed  to  an  angle  of  85  deg.  This  machine  has  been  working 
upwards  of  twenty  years,  and  for  the  last  six  years  both  night 
and  day ;  it  has  been  employed  during  the  whole  of  that  time 
upon  very  heavy  work,  ranging  from  five  to  twenty  tons.  The  Vs 
are  still  in  good  condition,  apparently  very  little  worn,  and  the 
w^ork  the  machine  does  is  at  the  present  time  perfectly  true.  The 
bed  is  in  three  parts  jointed  and  bolted  together,  and  the  table 
in  two  parts  ;  since  at  the  time  it  was  made  there  was  no  machine 
capable  of  planing  a  very  long  piece,  and  this  was  considered  to 
be  one  of  the  largest  then  in  existence.  The  writer  has  also  a 
planing  machine  made  about  the  same  period  with  a  V  on  one 
side  of  the  bed  and  a  flat  surface  on  the  other,  which  plan  he 
found  was  very  objectionable,  on  account  of  the  two  surfaces  not 
wearing  equally  and  the  oil  working  off  the  flat  surface.' 

"  The  planing  machines  were  further  improved  by  the  use  of 
two  tool  boxes  on  the  cross  slide,  and  by  the  application  of  slide 
rests  or  tool  boxes  fixed  upon  the  uprights,  self  acting  vertically, 
for  planing  articles  at  right  angles  to  the  tools  on  the  cross  slide. 
The  reversing  tool  box  is  a  very  ingenious  and  useful  contrivance 
for  planing  flat  surfaces  ;  but  that  plan  is  not  so  well  adapted 
for  general  purposes.  Planing  machines  have,  like  other  tools, 
been  specially  adapted  to  a  great  variety  of  work,  and  the  writer 
has  made  them  with  difterent  numbers  of  tools,  up  to  as  many  as 
sixteen,  all  of  wliich  were  in  operation  at  once. 

"  The  great  changes  which  have  lately  taken  place  in  the  manu- 
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facture  of  wrouglit-iroii  and  steel  ordnance,  and  the  revolution 
they  have  caused  in  the  construction  of  vessels  of  war,  have  called 
into  requisition  a  great  many  alterations  and  adaptations  of  the 
present  machines,  as  well  as  many  entirely  new  ones.  The  plan- 
ing machine  especially  has  been  called  upon  to  do  work  of  a 
very  curious  and  intricate  character,  namely,  that  of  planing  the 
edges  of  armour  plates  to  different  curves,  shapes,  or  angles.  In 
most  cases  this  has  been  accomplished  by  a  pattern  bar  of  iron 
or  steel,  placed  on  edge  in  a  small  chuck  fixed  upon  the  surface 
of  the  table,  adjustable  by  set  screws,  and  shaped  to  the  form  to 
which  it  is  required  to  plane  the  edge  of  the  plr.te ;  as  the  table 
travels,  this  bar,  which  runs  between  two  circular  rollers  attached 
to  the  under  side  of  the  tool  slide,  moves  the  tool  sideways,  ac- 
cording to  the  amount  of  curve  in  the  shaper  op  guide  bar,  the 
tool  box  being  disconnected  for  this  purpose  from  the  screw  in 
the  cross  slide. 

(c.)  "  The  Slotting  Machine,  of  which  the  engineers  in  Glasgow 
can  justly  boast  the  heaviest  examples,  was  originally  introduced 
for  cutting  small  wheels,  levers,  &c.,  mostly  for  self-acting  mule 
and  loom  work ;  and  was  afterwards  adapted  to  a  great  variety 
of  work  by  the  application  of  a  circular  table,  which  was  an  im- 
provement of  the  greatest  importance,  especially  in  large  ma- 
chines for  slotting  or  shaping  large  cranks  or  other  similar  work  ; 
this  is  now  done  to  such  perfection  as  to  require  merely  draw- 
filing  and  polishing  to  give  the  Avork  a  perfect  finish.  Many 
kinds  of  quick  return  motions  have  been  employed  for  the  pur- 
pose of  saving  time  in  the  return  stroke  of  the  tool,  and  to  give 
it  a  regular  and  steady  movement  in  the  cutting  direction.  Of 
these  the  principal  are  the  eccentric  wheels,  the  eccentric  motion, 
and  lastly  the  lever  motion,  which  makes  an  excellent  and  steady 
movement,  and  is  now  very  much  applied  to  shaping  machines. 

"  One  of  the  large  slotting  machines  made  by  the  writer  has 
a  stroke  of  3  ft.,  and  the  framing  is  capable  of  taking  in  an  arti- 
cle 12  ft.  diameter;  it  has  compound  slides  and  a  self-acting 
circular  table  6  ft.  diameter.  The  ram  moves  in  a  vertical  slide, 
which  can  be  raised  or  lowered  to  suit  the  depth  of  work  on  the 
table,  so  as  to  form  a  support  to  the  ram  when  taking  a  heavy 
cut.  The  motion  applied  to  the  tool  slide  is  the  lever  and  con- 
necting rod,  arranged  so  as  to  gain  power  and  give  an  almost 
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uniform  motion  in  the  cutting  direction,  and  an  accelerated  speed 
in  the  return  stroke 

"  For  the  purpose  of  obtaining  greater  accuracy  in  dividing  out 
the  holes  in  bridge  plates,  boiler,  or  ship  plates,  a  dividing  table 
has  been  used,  and  machines  have  been  arranged  to  punch  several 
holes  at  once.  This  was  certainly  a  great  improvement  upon 
the  old  method,  since,  in  addition  to  the  accuracy  attained,  very 
much  more  work  was  accomplished  in  the  same  amount  of  time. 
Still  the  work  was  not  of  a  satisfactory  description  ;  in  punching 
the  holes  the  iron  is  disturbed  or  fractured  for  some  little  distance 
round  the  hole,  thus  weakening  the  plate ;  and,  in  consequence 
of  the  taper  which  there  must  necessarily  be  in  all  punched  holes, 
the  rivets  do  not  thoroughly  fill  up  the  space,  especially  when 
more  than  two  plates  are  joined  together. 

"  The  faults  of  punched  work  above  mentioned  were  so  ap- 
parent when  wrought-iron  bridge  building  became  general,  that 
they  led  to  the  introduction  by  Messrs.  Cochrane  of  the  multiple 
drilling  machine." 

75.  Improved  Atmospheric  Hammer. — "  This  hammer,"  says  a 
writer  in  the  "  Scientific  American,"  "  is  highly  approved  of  by 
many  of  our  largest  machine  makers,  and  over  forty  are  now  in 
use  in  different  parts  of  the  country.  It  can  be  managed  with 
great  accuracy,  will  strike  a  light  or  heavy  blow,  runs  rapidly,  and 
is  under  perfect  control  We  regard  it  as  a  useful  machine  where 
die  or  other  work  has  to  be  done.  We  never  publish  certificates 
in  connection  with  our  illustrations,  and  are,  therefore,  obliged  to 
omit  those  shown  us  by  the  manufacturers,  who  will  be  happy  to 
furnish  them  by  mail.  This  hammer  works  by  compressing  air 
in  the  cylinder,  the  cylinder  itself  sliding  up  and  down  between 
guides.     The  following  description  will  render  it  intelligible : — 

"The  air  is  compressed  by  a  cylinder  A,  and  piston  B 
(see  fig.  21).  The  cylinder  moves  in  the  slides,  C,  by  the 
action  of  the  connecting  rod,  D,  driven  from  the  face  plate,  E,  by 
belting,  in  the  usual  manner.  There  are  two  small  holes,  F,  in 
the  cylinder,  A ;  through  these  the  air  enters.  The  whole  ma- 
chinery is  carried  in  a  strong  iron  frame.  Now,  if  we  suppose 
the  cylinder  to  ascend,  the  air  will  enter  through  the  holes  F,  and 
be  compressed  as  the  cylinder  goes  up.  This  compression  is  at 
the  bottom  of  the  cylinder,  and  therefore  lifts  the  hammer  mov- 
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ing  in  the  slides.  By  the  time  the  hammer  is  lifted  the  connect- 
ing rod  arrives  at  the  top  centre  and  commences  to  descend. 
The  air  then  enters  above  the  piston,  and,  as  the  cylinder  still 
comes  down,  condenses  the  volume  very  highly.  This  condensed 
air  is  the  force  stored  up  to  make  the  blow,  for  so  soon  as  the 
connecting  rod  turns  the  bottom  centre,  the  confined  air  expands 
instantly  and  thus  throws  the  piston  and  hammer  down  with 
great  force.  This  action  is  repeated  at  every  revolution,  and  the 
height  of  the  cylinder  is  altered  so  as  to  forge  lai'ge  or  small  work 
by  lengthening  or  shortening  the  connecting  rod.     The  hammer 


Tools.]  DIRECT  ACTING  STEAM  TILT  HAMMER. 


265 


is  lifted  at  the  ascending  stroke  by  the  compressed  air  below,  as 
we  stated  previously,  and  this  also  aids  the  cylinder  in  compress- 
ing the  air  for  the  return  blow,  and  it  is  owing  to  the  rapid  ac- 
tion of  the  two  movements  that  the  piston  does  not  fall  before  it 
obtains  the  advantage  of  the  air  compressed  above  it. 

'*  It  will  be  seen  that  this  hammer  is  exceedingly  simple  in  its 
construction;  there  are  no  valves  about  it  to  get  out  of  order, 
and  the  packing  is  exceeding  durable  and  easy  working.  Eoth 
that  in  the  piston  and  in  the  cylinder  head  is  made  of  the  cup- 
leathers  used  in  packing  hydraulic  rams,  and  they  have  run  for 
months  without  leakage  or  perceptible  wear.  The  dies  are  fas- 
tened in  with  keys,  and  the  anvil  block,  G,  is  adjusted  by  ano- 
ther key,  so  that  the  dies  can  be  set  properly  without  delay. 
The  speed  of  the  hammer  is  regulated  by  an  idler  pulley,  which 
can  be  operated  by  a  treadle." 

76.  Direct  Actmg  Steam  Tilt  Hammer. — "A  model,"  says  the 
"  Practical  Mechanic's  Journal,"  "  of  a  curious  arrangement  of  di- 
rect acting  steam  tilt  hammer  (fig.  22),  of  which  we  give  an  engrav- 

Fig.  22. 
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ing,  has  been  recently  exhibited  before  the  Society  of  Arts  by  the 
inventor,  Mr.  H.  Eeveley.     The  hammer  is  raised  by  means  of  a 


266  ENGINEEKING  FACTS.  [Drv.  V. 

pair  of  knee  joints,  operated  upon  directly  by  the  piston  rod  of 
an  oscillating  steam  engine.  In  the  model  exhibited  a  spring 
was  applied  for  giving  the  blow  a  downward  stroke  of  the  ham- 
mer, but  in  practice  it  is  proposed  to  employ  a  vacuum  piston 
for  this  purpose." 

77.  On  Improvements  in  Steam  Pile  Driving  Machinery. — 
At  the  Civil  and  Mechanical  Engineers'  Society,  a  paper  by  Mr. 
A.  H.  Lavers  on  the  above  subject  was  read,  from  which  we  take 
the  following : — 

"  It  is  necessary  to  state  to  persons  unaccustomed  to  pile  driv- 
ing, that,  in  pointing  the  pile,  to  prevent  as  much  as  possible  its 
going  wrong,  a  centre  line  should  be  struck  off  from  end  to  end, 
and  a  template  made  the  shape  of  the  point  and  then  scribed. 
And  to  leave  a  stump  point  about  2^  in.  square,  forming  a  seat 
for  the  shoe;  the  length  of  the  point  in  timber  1-4  in.  square 
should  be  2  ft.  6  in.,  and  the  point  of  the  shoe  should  be  of  solid 
iron,  and  the  four  straps  18  in.  long,  and  of  iron  2  in.  by  f  in. 
or  ^  in.  nailed  on,  but  this  will  vary  according  to  the  soil  they 
are  intended  to  penetrate.  The  driving  hoop  to  the  head  of  the 
pile  should  be  of  iron,  4  in.  by  1  in.,  truly  fitted  and  driven  on 
by  the  ram.  The  pile  is  held  in  position  to  the  uprights  by  a 
bolt  1^  in.  in  diameter,  called  a  toggle  bolt,  passing  through  the 
pile  about  2  ft.  from  the  head  to  the  back  of  the  uprights,  and 
there  fixed  with  an  iron  plate,  nut,  and  screw ;  a  piece  of  hard 
wood  must  also  be  placed  to  fill  up  the  space  between  the  up- 
rights, through  which  the  toggle  bolt  also  passes,  to  keep  the  pile 
in  its  position.  I  shall  omit  mentioning  anything  about  screw 
piles,  this  subject  having  been  discussed  before.  I  will  give  a 
few  remarks  on  the  resistance  the  various  descriptions  of  timber 
will  bear,  viz : — 

Oak.  Elm.  Beech.  Fir. 

Weight  per  foot  )  53  g^.^g  ^g  gg.g^ 

cube  in  pounds  \ 

Tension  .  ..  ll'OOO  ..       9-500  ..  11-000     ..     11-250 

Pressure  .  ..    3-800  ..     12-00  ..      —        ..     18-00 

Specific  gravity  ..       "92  ..         -6  ••       -7         '•         '753 

Crushing  force  in  tons  |  i  .7  -57  \  ^^  ^^^■ 

per  square  inch  \  "  "  |  "73  Mcmel. 

"  Fir  piling  under  a  load,  will,  therefore,  sustain  as  an  extreme 
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weight  1800  x  144  =  259,200  lb.,  or  110^  tons  per  foot  su- 
perficial again. 

"Memel  73  tons  X  144  =  105'12  tons  per  feet  superficial. 
Riga         -86     „     X  144  -=  123 '8  do.  do. 

"  For  practical  purposes,  we  may,  however,  suppose  a  case,  such 
as  a  ram  or  monkey  equal  to  one  ton  =  2,240  lb.,  falling  from 
a  height  of  6  ft.  upon  the  pile ;  according  to  the  laws  of  gravity 
a  body  falling  from  a  state  of  rest  acquires  an  increase  of  velocity 
in  a  second  of  time  equal  to  32^  ft.,  and  during  that  period  falls 
through  a  space  of  1 6-^^  ft. ;  this  accelerated  velocity  is  as  the 
square  root  of  the  distances,  and  a  falling  ram  or  weight  having 
acquired  a  velocity  8  "08 5  in  the  first  foot  of  its  descent,  and  6  ft. 
being  the  height  from  which  a  weight  of  one  ton  is  supposed  to 
fall,  we  have  V6  x  8*05  r=  2-449  x  8-05  =  19-714  for  the 
velocity  in  a  descent  of  6  ft.  Then  19-714  x  2240  =  44*159 
lb.,  or  nearly  twenty  tons  as  the  momentum  with  which  the  ram 
impinges  on  the  pile ;  but  in  pile  driving  it  (the  ram)  will  aver- 
age from  15  ft.  to  24  ft.  per  second,  friction,  batter,  and  imper- 
fections in  machine  retarding. 

"  For  the  momentum  of  stroke  on  the  head  of  pile,  multiply 
weight  of  ram  by  velocity  in  feet  per  second ;  but  much  height 
will  also  give  momentum  of  stroke  as  the   square  root  of  the 
space  fallen  through.     To  find  the  resistance  of  a  pile  while  driv 
ing  or  when  driven : — 

w  =  weight  of  ram. 

p  =z  weight  of  pile  (each  in  cwt.). 

h  =  height  fallen  through  by  ram  in  inches. 

d  =  descent  of  pile  in  one  blow. 

w  '  h 

"  Then  -jz =  weight  which  will  just  sink  the  pile. 

a^  '  w  X  p  ^ 

"  When  a  pile  is  driven  to  a  state  approaching  inertion,  that  is 
when  the  ram  merely  drives  the  pile  regularly  about  one-quarter 
or  half  of  an  inch,  the  number  of  times  that  the  distance  driven 
is  contained  in  the  distance  of  the  fall  of  the  ram,  divided  by  8, 
is  the  number  of  times  the  weight  of  the  ram  that  the  pile  will 
bear. 

"Example. — A  ram,  6  cwt.,  falling  20  ft.,  drives  a  pile  one 
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half  inch  (20  ft.  =  480  half  inches,  480  -^  8  =  60  x  6  = 
360  cwt.  =  18  tons).  A  ram  of  8  cwt.,  falling  12  ft.,  drives  a 
pile  one  half  inch.  Now  12  ft.  the  fall  contains  288  half 
inches,  which,  divided  by  8,  gives  36  cwt.  x  8  ^  288  cwt,  = 
14  tons  8  cwt. 

"  It  is  important  that  the  fibres  of  the  timber,  either  as  piles  or 
sleepers,  should  not  be  subjected  to  such  a  force  as  might  in  any- 
way lessen  or  injure  their  cohesion.  An  excessive  force  applied 
on  a  fairly  driving  or  driven  pile  shatters  or  opens  its  fibres, 
breaks  the  pile  probably  deep  in  the  ground,  or  causes  its  shoe 
to  turn,  and  it  bushes  at  the  foot ;  the  timber  will  be  much 
injured,  oftentimes  the  pile  rendered  almost  useless,  and  so  porous 
that  springs  will  rise  through  it  to  the  surface.  It  is  also  an 
important  matter  for  consideration  whether,  in  the  attempt  to 
gain  increased  supporting  power  by  prolonging  the  driving  a  pile 
to  a  greater  depth  into  or  through  (it  may  be  but  only  a  very 
moderate  depth  of)  hard  strata,  there  may  not  lie  beneath  it  a 
much  weaker  bed,  with  springs,  loose  sands,  and  the  other 
difiiculties  found.  On  the  Thames  frequently  there  will  be 
found  beneath  a  firm  bed  of  dark  clay  a  crust  of  flints  or  stone  ; 
if  this  crust  be  driven  through,  a  deep  bed  of  sand,  fully  charged 
with  water,  is  usually  found. 

"Timber  quickly  perishes  when  subject  to  alternate  changes  of 
wet  and  dry,  but  remains  sound  for  a  long  time  under  water, 
particularly  in  some  soils.  There  is  a  remarkable  example  of 
such  preservation  in  one  of  the  piles  of  the  bridge  built  by 
Trajan  over  the  Danube,  which,  when  examined,  was  found 
petrified ;  but  this  was  not  the  case  of  more  than  the  thickness 
of  three-quarters  of  an  inch,  beyond  which  the  timber  was  not 
in  any  way  changed  from  its  ordinary  character. 

"  The  ringing  engine,  I  have  abeady  mentioned,  was  used  by 
Perronet  at  the  bridge  of  Orleans.  He  made  several  improve- 
ments in  pile  engines.  I  believe  one  of  the  first  steam  pile 
engines  was  used  in  America  for  the  construction  of  railways  ;  by 
this  machine  the  ram  was  lifted  four  or  five  times  a  minute,  but 
there  was  too  much  weight  about  it  to  come  into  general  use. 

"This  last  machine,  or  ringing  engine,  has  been  much  im- 
proved upon  in  the  common  hand  pile  engine  by  substituting  a 
ladder  instead  of  the  backstay.     By  framing  this  ladder,  the 
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leaders,  and  some  strong  sidestays  to  a  strong  bottom  frame,  and 
fixing  a  crab  or  windlass  to  this  frame,  and  by  a  species  of 
balanced  catch  or  nipper,  to  which  the  monkey  is  suspended, 
meets  with  a  fixed  obstruction  to  its  upward  passage  that  bends 
the  nipper  downwards,  and  thus  unhooks  the  monkey,  which, 
falling  from  a  height,  strikes  the  head  of  the  pile,  driving  it  into 
the  ground.  The  hook  or  nipper  and  chain  now  descend,  and 
the  hook,  coming  in  contact  with  the  top  of  the  monkey,  locks 
itself  thereto,  when  it  is  drawn  up  again  to  repeat  the  operation. 
Very  efficient  results  are  obtained  from  the  machine.  Four  to 
six  men  will,  on  the  average,  give  one  blow  in  two  or  three 
minutes,  such  blow  from  5  ft.  to  15  ft.  of  height.  (The  appli- 
ances generally  in  use  are  the  ringing  engine,  hand  pile  engine, 
steam  crab  or  winch  engine,  patent  steam  pile  drivers,  and 
Nasmyth's  steam  hammer).  Steam  has  been  endeavoured  to  be 
applied  to  such  machinery  in  many  ways.  The  simplest  takes 
the  form  of  the  crab,  being  worked  by  steam  either  by  banding, 
rocker,  &c.,  or  by  a  steam  winch  being  fixed  to  the  frame  of  the 
engine  and  worked  from  a  portable  boiler.  Again,  there  are  the 
patents  of  ]N"asmyth's,  Sissons  and  White's,  Toshach's  and  Gil- 
bert's, all  good.  Nasmyth  has  applied  the  principles  of  a  steam 
hammer  to  pile  driving,  and  has  succeeded  in  getting  sixty  to 
ninety  blows  per  minute,  but  at  a  very  great  cost  and  extreme 
complication,  cumbrousness,  and  weight  of  the  pile  driver, — all 
fatal  disadvantages  in  a  pile  driver. 

"  Sissons  and  White's  patent  is  much  simpler.  To  an  extra 
strong  framed  pile  driver  a  steam  winch  is  fixed,  with  reversing 
gear ;  a  small  boiler,  adjoining  pile  driver,  supplies  steam  at  a 
high  pressure.  In  the  centre  of  the  drum  of  the  winch  a  toothed 
or  spiked  wheel  is  fixed ;  these  teeth  pass  freely  through  the 
links  of  a  riveted  flat-linked  chain ;  this  chain  is  endless,  pass- 
ing over  a  wheel  at  top  of  engine,  goes  down  at  back  of  leaders, 
and  again  passes  round  a  small  wheel  at  foot,  and  returns  round 
the  toothed  wheel,  and  soon  to  the  top  wheel.  To  the  back  of 
the  monkey  a  frame  is  fixed  by  bolts ;  in  this  frame  two  claws 
or  nippers  work  freely,  meeting  upwards,  the  chain  passing  be- 
tween these  when  open.  It  is  evident  that  by  working  the 
winch  the  chain  must  revolve  by  means  of  the  spiked  wheel ; 
this  being  done  the  nippers  are  by  a  string  pulled  to  the  chain, 
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which  they  catch,  and  the  monkey  is  carried  up  a  required  dis- 
tance, when  it  is  set  free  by  a  couple  of  pins  or  strikers  loosely 
fixed  in  the  back  of  the  leaders  ;  the  monkey  then  falls,  and  as 
the  chain  is  constantly  revolving  the  monkey  is  immediately  (the 
nipper  string  is  pulled)  picked  up  as  before.  The  length  of  blow 
is  altered  by  raising  or  lowering  the  striker  plates.  From  five  to 
twelve  blows  per  minute  can  be  obtained  from  this  machine ;  it 
takes  a  ram  or  monkey  of  from  18  cwt.  to  23  cwt.  AVhen  it  is 
worked  with  much  speed,  say  to  ten  blows  per  minute,  the  vibra- 
tion is  great,  and  if  worked  from  the  top  of  a  cofferdam  it  is 
severely  felt ;  it  is  simple  in  its  action,  and  the  only  part  liable 
to  get  out  of  order  through  wear  or  fracture  is  the  nippers  and 
frame,  but  there  is  a  great  improvement  on  the  old  nippers  which 
has  just  lately  been  brought  out  and  patented.  The  nipper 
frame  is  dispensed  with  altogether,  and  instead  of  the  catches 
taking  hold  of  the  tops  of  the  outside  links,  a  bolt  is  pushed 
into  the  space  between  them,  that  is,  into  the  open  link ;  this 
bolt  is  worked  by  an  eccentric  fixed  in  a  cell  made  in  the  middle 
of  the  ram  ;  the  eccentric  is  made  to  revolve  by  the  lever  being 
drawn  downwards  by  a  cord,  and  the  bolt  is  thus  shot  into  the 
open  link.  The  striking-off  staple  is  fixed  on  the  outside  of  the 
'  leaders,'  and  the  other  end  of  the  lever  striking  against  this 
staple  draws  the  bolt,  and  the  ram  falls.  This  new  catch  has 
been  tried  at  a  job  where  many  hundreds  of  piles  have  been 
driven,  and  it  answers  completely.  The  piles  can  be  pitched  or 
placed  in  position  by  an  ordinary  chain  working  alongside  the 
fiat  chain  ;  the  engine  can  be  moved  by  fastening  the  end  of  the 
rope  ahead,  passing  it  over  a  roller  under  the  winch,  and  taking 
a  turn  round  the  barrel.  The  travelling  wheels  are  castors,  so 
that  by  lifting  up  each  side  with  a  lever  the  castors  can  be 
turned  to  run  on  a  tramway  at  any  angle.  By  a  different 
arrangement  in  the  upright  framing,  piles  can  be  driven  in  a 
tideway  down  to  a  depth  of  30  ft.  below  the  stage  on  which  the 
machinery  stands,  the  ram  driving  quite  down  to  the  ground 
The  total  weight  of  the  driver  and  boiler  (supplied)  is  about  6 
tons,  including  the  ram  and  mountings,  which  are  22  cwt.  The 
bottom  framing  of  the  driver  is  7  ft.  3  in.  square,  and  the  boiler 
truck  5  ft.  6  in.  square ;  when  in  work  the  two  are  bolted  to- 
gether and  travel   on   the   same   tramway.     To  work  this  pile 
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driver  it  requires  four  men,  namely,  one  to  drive  the  winch,  one 
on  the  stages  to  shift  the  striking-off  staple,  one  to  attend  the 
pile,  and  one  to  work  the  catch.  When  the  ram  has  been  struck 
off,  the  speed  of  the  chain  must  be  reduced  by  partially  cutting 
off  the  steam  until  the  catches  are  again  closed.  Four  of  these 
engines  are  at  work  on  the  Thames  Embankment. 

"  Toshach's  pile  driver  is  much  upon  the  same  principle,  with 
the  difference  that  the  leaders  are  made  wider  to  allow  room  for 
wedge-formed  pieces  or  inclines  to  sHde  up  and  down  clear  of 
the  back  plate  for  freeing  the  monkey,  as  hereafter  described, 
and  also  that  long  pins  are  passed  through  the  endless  chain, 
which  has  long  links,  say  12  in.,  and  1  in.  diameter  holes  to 
receive  them.  On  the  main  shaft  of  the  crab  is  fixed  a  cast-iron 
wheel,  made  of  such  a  shape  as  to  lit  into  and  give  motion  to 
an  endless  pitch  chain,  which  moves  behind  and  as  close  to  the 
leaders  as  possible,  and  round  a  similar  wheel  on  the  top.  The 
chain  is  made  to  receive  iron  pins  put  through  any  of  the  links, 
and  sufficiently  wide  to  carry  them  up  true  and  square.  The 
pins  referred  to  are  made  long  enough  to  catch  a  fork  that  is 
attached  to  and  projects  from  the  monkey.  The  pin,  by  the 
motion  of  the  endless  chain,  carries  up  the  monkey  with  it, 
until  the  chain  is  forced  back,  clear  of  the  fork  by  the  wedge 
pieces,  which  are  adjusted  as  required  on  the  leaders.  Care 
must  be  taken  to  prevent  the  monkey  falling  on  a  pin  by  keep- 
ing the  pins  wide  enough  apart.  The  monkey  thus  freed  falls 
on  the  pile,  after  which  another  pin  is  ready  to  again  take  it 
up,  and  so  continue  the  process  until  the  pile  is  driven.  The 
wedge  pieces  referred  to  are  made  of  iron,  and  are  made  to  slide 
up  and  down  the  leaders  by  a  winch  handle  at  the  bottom, 
which  turns  a  shaft  carrying  two  spiked  wheels,  which  give 
motion  to  two  chains  that  are  attached  to  the  inclines  or 
wedge  pieces,  causing  them  to  rise  or  fall  as  required,  to  regulate 
the  length  of  the  stroke.  The  fork  attached  to  the  monkey  may 
be  made  to  go  through  it  or  over  it,  and  to  reduce  the  friction  an 
iron  plate  back  is  used  instead  of  wood,  to  allow  the  chain  to 
work  as  close  as  possible  to  the  leaders ;  friction  rollers  are  also 
put  on  the  monkey  and  back  plate.  To  raise  the  pile  a  common 
chain  is  fixed  to  the  pitch  chain  by  a  shackle  or  otherwise,  and 
over  the  top  of  the  framework.     The  pitch  chain  being  set  in 


272  ENGINEERING  FACTS.  [Div.  Y- 

motion  draws  the  other  along  with  it,  and  raises  the  pile.  The 
advantage  gained  by  this  machine  is  the  continual  motion  of  the 
endless  chain,  which  is  always  ready  to  pick  up  the  monkey  or 
ram  immediately  after  it  falls  on  the  pile,  thereby  saving  the 
time  usually  taken  up  in  pulling  down  '  nippers '  and  slack 
chain.  A  steam  engine  may  be  fixed  alongside  the  crab,  which 
is  moved  altogether  with  the  machine,  or  it  may  be  driven  with 
a  strap,  from  a  portable,  a  steam  winch,  or  other  engine ;  but  the 
gearing  is  so  made  that,  Avhere  steam  cannot  conveniently  be  ap- 
plied, handles  may  be  put,  and  the  machine  worked  by  hand.  By 
altering  the  distance  between  the  pins,  and  by  raising  or  lower- 
ing the  bridge,  the  length  of  blow  is  altered.  This  engine  gives 
from  4  to  8  blows  a  minute,  and  does  not  appear  to  get  out  of 
order." 

78.  On  Chain  Testing  Machines. — Sir  William  Armstrong 
read  a  paper  on  this  subject  before  the  British  Association, 
which  held  its  meeting  at  Birmingham,  of  which  the  following 
is  an  abstract  as  given  in  the  "  Civil  Engineer  and  Architect's 
Journal : " — "  The  engineering  firm  of  which  I  am  a  member 
having  been  intrusted  with  the  construction  of  the  apparatus  for 
testing  chain  cables  and  anchors,  lately  established  at  Birken- 
head by  the  Mersey  Harbour  Trustees,  had  occasion  to  enter 
into  a  very  careful  consideration  of  the  conditions  requisite  for 
ejffecting  the  operation  in  the  best  possible  manner.  As  public 
attention  has  been  forcibly  directed  of  late  to  the  importance  of 
more  accurate  methods  of  testing  chains  and  anchors,  a  few  ob- 
servations on  the  subject  of  the  Birkenhead  machine  will  not  at 
the  present  moment  be  mistimed. 

"  The  most  important  consideration  in  the  construction  of  a 
chain  testing  machine  is  to  obtain  an  accurate  indication  of  the 
strain  upon  the  chain.  The  hydraulic  press  has  been  for  many 
years  the  appliance  universally  employed  for  exerting  the  strain, 
and  nothing  can  be  better  fitted  for  the  purpose  ;  but  the  methods 
of  determining  the  amount  of  the  strain  have  been  extremely 
imperfect.  Most  commonly  the  strain  has  been  estimated  by 
the  indications  of  a  mitred  valve  pressed  down  by  a  lever  and 
weight.  The  impossibility,  however,  of  restricting  the  tighten- 
ing surface  of  the  valve  to  a  definite  annular  line,  so  as  to  ex- 
clude any  variation  of  area,  rendered  this  mode  of  indication 
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highly  delusive  ;  so  much  so  indeed,  that  the  attendants  generally- 
paid  more  regard  to  the  indication  afforded  by  the  crackHng  of 
the  scale  on  the  surface  of  the  iron  than  to  the  amount  of  load 
upon  the  valve.  By  substituting  a  loaded  plunger  for  a  loaded 
valve,  the  uncertainty  arising  from  variability  of  surface  is  obvi- 
ated, but  a  plunger  requires  a  packing  to  make  it  watertight,  and 
the  effect  of  the  friction  of  this  packing  has  to  be  considered  in 
relation  to  the  friction  of  the  press.  A  plunger  without  friction 
would  give  untrue  indications  of  the  strain  unless  the  press  were 
also  without  friction  ;  but  friction  cannot  be  avoided  in  the  press, 
and  therefore  friction  becomes  a  necessary  element  of  accuracy  in 
an  indicating  plunger.  To  make  this  more  apparent,  it  is  only 
necessary  to  consider  that  in  the  press  the  friction  of  the  packing 
lessens  the  tension  exerted  on  the  chain  ;  while  in  the  case  of 
the  indicator  the  friction  of  the  packing  lessens  the  weight  ne- 
cessary to  indicate  the  pressure.  If,  therefore,  these  two  frictions 
be  in  harmony,  the  load  on  the  indicator  will  be  diminished  in 
the  same  proportion  as  the  tension  on  the  chain,  and  thus  a  cor- 
rect indiction  of  the  strain  upon  the  chain  will  be  obtained. 

"  The  proper  and  usual  packing  for  the  hydraulic  press  is  a 
cupped  leather ;  but  as  the  lip  of  the  leather  is  pressed  against 
the  surface  of  the  ram  by  the  action  of  the  water,  the  amount  of 
its  friction  varies  directly  as  the  pressure.  It  is  therefore  neces- 
sary that  the  indicating  plunger  should  also  be  packed  with  a 
cupped  leather,  in  order  that  its  friction  may  likewise  vary  di- 
rectly as  the  pressure.  But  as  the  ratio  of  circumference  to  area 
is  very  much  greater  in  the  small  ram  of  the  indicator  than  in 
the  large  ram  of  the  press,  it  is  obvious  that  with  similar  leathers 
the  relative  friction  would  be  widely  different  in  the  two  cases. 
The  friction  may  however  be  brought  to  a  proper  adjustment  by 
reducing  the  breadth  of  the  lip  in  the  leather  of  the  indicator 
until  its  friction  is  in  unison  with  that  of  the  press  leather.  This 
adjustment  should  be  made  when  the  press  ram  and  the  indicator 
plunger  are  both  perfectly  clean  and  free  from  any  lubricating 
substance,  and  in  no  subsequent  use  of  the  machine  should  either 
oil  or  grease  be  applied  to  these  parts.  The  effect  of  employing 
a  lubricator  is  to  diminish  the  friction  in  the  first  instance,  but 
afterwards  to  increase  it,  because  the  unctuous  character  of  the 
lubricant  is  soon  exchanged  for  a  stickiness,  which  produces  au 
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opposite  effect.  In  fact,  when  grease  or  oil  is  used,  the  frictions 
hecome  so  irregular  as  to  render  impossible  an  accurate  correspond- 
ence between  the  press  and  the  indicator. 

"  There  is  another  desideratum  in  the  testing  of  chains,  which 
requires  a  further  elaboration  of  the  indicating  apparatus.  'When 
a  chain  breaks  in  the  test,  it  is  desirable  to  show,  not  only  that 
it  failed  to  bear  the  full  test  strain,  but  also  what  was  the  amount 
of  strain  exerted  at  the  moment  of  fracture.  In  the  case  of  the 
Birkenhead  machine,  various  indicators  upon  the  principle  of 
those  commonly  used  for  steam  pressure  were  tried,  for  the  pur- 
pose of  effecting  this  latter  object,  but  none  of  them  gave  satis- 
factory results.  An  apparatus  was  therefore  designed  for  this 
object,  which  has  since  come  into  very  general  use,  under  the 
name  of  the  Pendulum  Indicator.  In  this  apparatus  the  pres- 
sure upon  the  indicating  plunger  is  exhibited  by  the  travel  of  a 
pendulum  through  a  graduated  arc.  The  movement  is  commu- 
nicated from  the  plunger  to  the  pendulum,  through  the  medium 
of  a  compound  lever.  When  a  chain  breaks,  the  pendulum 
falls  back  until  stopped  by  a  ratchet,  but  leaves  a  marker  at  the 
exact  point  on  the  scale  attained  by  the  pendulum  at  the  moment 
of  rupture. 

"  I  have  hitherto  spoken  of  friction  only  in  reference  to  the 
packing  of  the  apparatus.  This  friction,  as  I  have  already  stated, 
varies  with  the  pressure,  but  there  is  also  the  constant  friction 
due  to  the  weight  of  the  moving  parts  to  consider.  If  the 
machine  be  used  exclusively  for  high  strains  in  relation  to  its 
weight  this  constant  friction  will  be  unimportant ;  but  if  a  heavy 
machine  be  used  for  testing  light  chains,  a  considerable  element 
of  error  will  be  introduced,  unless  a  proportionate  friction  of  the 
same  constant  character  be  added  to  the  indicator.  Still,  how- 
ever, it  is  better  that  very  heavy  machines  should  not  be  used 
for  testing  light  chains,  unless  they  be  constructed  with  more 
than  one  press  to  act  separately  for  light  chains,  and  conjointly 
for  heavy  chains.  With  this  view  the  Birkenhead  machine  has 
three  presses,  the  centre  one  being  used  alone  for  light  strains,  and 
the  three  acting  in  concert  when  great  strains  are  to  be  exerted. 

"Although  an  hydraulic  indicator,  properly  constructed  and 
C(3rrectly  adjusted  in  regard  to  its  friction,  may  be  safely  relied 
upon  as  indicating  with  sulhcient  precision  the  strain  exerted  by 
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the  machine,  yet  for  the  purpose  of  ascertaining  in  the  first  in- 
stance when  correct  adjustment  has  been  attained,  and  also  of 
detecting  any  discrepancy  which  may  subsequently  arise  from 
dirt  upon  the  ram  or  plunger,  or  from  any  other  cause  producing 
irregular  friction,  it  is  necessary  that  every  machine  should  be 
provided  with  a  lever  indicator,  to  which  the  chain  may  be  di- 
rectly applied,  and  the  strain  ascertained  by  the  lifting  of  a  weight. 
Such  an  apparatus  requires  to  be  accurately  fitted  with  knife- 
edge  bearings  in  order  to  afi'ord  delicate  indications,  but,  as  these 
are  liable  to  deterioration  by  too  frequent  use,  it  is  better  to  re- 
serve the  lever  apparatus  as  a  standard  of  reference  for  adjusting 
the  hydraulic  indicator,  which  is  not  liable  to  deterioration  by 
use.  It  is  not  necessary  that  the  lever  indicator  should  range  as 
high  as  the  hydraulic  indicator,  for  if  the  two  indicators  register 
alike  through  a  sufficient  series  of  the  lower  strains,  no  discrepancy 
would  be  manifested  if  the  comparison  were  carried  to  the  highest 
powers  of  the  machine. 

"  I  may  here  mention  that  nothing  so  soon  deteriorates  the 
lever  apparatus  as  inadequate  length  of  the  knife-edges  in  relation 
to  the  strain  upon  them.  The  conclusion  arrived  at  in  the  Els- 
wick  Works  is,  that  not  less  than  one  inch  length  of  edge  should 
be  allowed  to  every  five  tons  of  strain  upon  the  bearing. 

"  In  the  arrangement  of  a  public  chain  testing  establishment 
it  is  desirable  that  the  apparatus  for  the  various  operations  should 
be  placed  in  such  succession  as  will  allow  the  chains  to  move 
fi'om  process  to  process  without  any  retrogression.  The  Birken- 
head chain  testing  establishment  commences  with  a  store-room 
for  the  reception  of  unproved  chains.  From  the  store  each  chain 
is  dragged  by  a  steam  power  capstan  through  an  opening  in  the 
partition- wall  on  to  the  testing-bench  of  the  machine.  It  is  there 
made  fast  at  the  one  end  to  the  press,  and  at  the  other  to  a  cross- 
head  supported  on  live  rollers,  which  cross-head  may  either  abut 
against  a  stop  or  be  connected  with  the  lever  indicator.  After 
the  chain  has  been  proved  it  is  dragged  by  a  second  capstan  di- 
rectly forward  in  the  same  line  into  the  examining  room,  and 
there  stretched  upon  one  of  the  benches,  where  it  undergoes  a  close 
inspection.  If  found  perfect  it  is  then  hauled  forward  by  a  third 
capstan  through  the  heating  oven  and  blacking  trough,  and  is 
thence  passed  complete  into  the  delivery  store  at  the  opposite  end 
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of  the  establishment.  The  course  of  the  chain  being  thus  in  one 
straight  line,  it  is  necessary  to  carry  it  over  the  machinery  at  each 
end  of  the  testing-bench,  and  to  accomplish  this  a  channel  of 
wrought-iron  is  fixed  over  the  machinery  to  support  the  chain  in 
its  passage.  Should  the  chain  fail  in  the  test,  or  be  found  defec- 
tive on  examination,  it  is  drawn  off  by  one  of  the  capstans  to 
smiths'  fires  placed  on  the  floor  of  the  examining  room,  and,  after 
repair,  is  again  hauled  to  the  testing-bench  for  a  second  proof 
For  the  convenience  of  handling  heavy  chains  at  the  smiths'  fires 
an  hydraulic  crane  is  connected  with  each  fire.  Between  the 
testing  and  examining  rooms  there  is  an  intermediate  room  called 
the  indicator  room,  in  which  the  lever  and  hydraulic  indicators 
are  placed,  and  the  valves  of  the  apparatus  manipulated  by  an 
attendant  in  view  of  the  indicators.  Anchors  are  received  into 
the  same  store-room  as  the  chains,  and  the  usual  appliances  are 
provided  for  fixing  them  in  the  test.  Over-head  cranes  are  em- 
ployed for  Kfting  the  anchors  as  well  as  for  lifting  the  chains  in 
the  two  stores.  There  are  two  testing  machines  in  the  establish- 
ment, fixed  at  opposite  sides  of  the  room.  These  are  similarly 
arranged  in  every  respect,  but  one  of  them  is  adapted  to  test  up 
to  a  strain  of  200  tons,  and  the  other  to  300  tons.  The  hy- 
draulic pressure  is  supplied  from  a  neighbouring  accumulator  used 
for  a  system  of  hydraulic  machinery  at  work  in  the  adjacent  dock. 

"  As  the  general  practice  is  to  make  chain  cable  in  lengths  of 
fifteen  fathoms,  the  Birkenhead  machines  are  adapted  for  that 
length.  The  Board  of  Trade  have  recently  fixed  upon  that  length 
as  the  limit  of  length  of  chain  to  be  tested  at  one  time.  The 
propriety  of  their  so  doing  has  been  called  in  question,  but  I  may 
state  that  it  is  the  opinion  of  those  persons  who  have  tlie  man- 
agement of  the  Birkenhead  machines,  that  no  advantage  of  any 
kind  would  be  gained  by  testing  chains  in  greater  lengths.  If 
there  is  to  be  a  limit  it  is  clear  that  such  limit  is  best  fixed  at 
the  length  at  which  chains  are  usually  made. 

"  There  is  besides  a  positive  objection  to  exceeding  that  limit, 
because  a  greater  length  than  fifteen  fathoms  cannot  be  tested 
without  the  use  of  intermediate  supports,  which,  whether  they 
be  slides  or  rollers,  are  objectionable,  as  being  liable  to  produce 
variations  of  strains  in  different  parts  of  the  chain.  Another 
objection  to  permitting  indefinite  lengths  of  chain  to  be  tested 
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at  one  time  arises  out  of  the  stretch  to  which  chains  are  subject  in 
testing.  Tins  stretch  occasionally  amounts  to  five  feet  in  fifteen 
fathoms,  and  if  that  length  of  chain  were  greatly  exceeded  it 
would  involve  a  press  of  very  inconvenient  length,  or  necessitate 
taking  repeated  holds  of  the  chain,  which  would  be  highly  ob- 
jectionable. I  think,  therefore,  that  the  Board  of  Trade  have 
acted  wisely  in  imposing  a  limit,  and  in  fixing  that  limit  at 
fifteen  fathoms." 


divisio:n"-  sixth. 

MECHANICAL  APPLIANCES. 

79.  Screio  Threads. — A  special  Committee  of  the  Frankin  In- 
stitute (United  States),  was  recently  appointed  to  investigate  the 
subject  of  a  *'  uniform  system  of  screw  threads,"  and  the  follow- 
ing is  their  report : — "  That  in  the  course  of  their  investigations 
they  have  become  more  deeply  impressed  with  the  necessity  of 
some  acknowledged  standard,  the  varieties  of  threads  in  use  being 
much  greater  than  they  had  supposed  possible;  in  fact  the  diffi- 
culty of  obtaining  the  exact  pitch  of  a  thread  not  a  multiple  or 
sub-multiple  of  the  inch  measure  is  sometimes  a  matter  of  extreme 
embarrassment. 

"  Such  a  state  of  things  must  evidently  be  prejudicial  to  the 
best  interests  of  the  whole  country,  a  great  and  unnecessary  waste 
is  its  certain  consequence,  for,  not  only  must  the  various  parts 
of  new  machinery  be  adjusted  to  each  other  in  place  of  being  in- 
terchangeable, but  no  adequate  provision  can  be  made  for  repairs, 
and  a  costly  variety  of  screwing  apparatus  becomes  a  necessity. 
It  may  reasonably  be  hoped  that  should  a  uniformity  of  practice 
result  from  the  efforts  and  investigations  now  undertaken,  the 
advantages  flowing  from  it  will  be  so  manifest  as  to  induce  re- 
form in  other  particulars  of  scarcely  less  importance. 

"Your  committee  have  held  numerous  meetings  for  the  purpose 
of  considering  the  various  conditions  required  in  any  system 
which  they  could  recommend  for  adoption.  Strength,  durability, 
with  reference  to  wear  from  constant  use  and  ease  of  construe- 
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tion,  would  seem  to  be  the  principal  requisites  in  any  general 
system,  for,  although  in  many  cases,  as,  for  instance,  when  a  square 
thread  is  used,  the  strength  of  the  thread  or  bolt  are  both  sacrificed 
for  the  sake  of  securing  some  other  advantage,  yet  all  such  have 
been  considered  as  special  cases,  not  affecting  the  general  inquiry. 
With  this  in  view,  your  committee  decided  that  threads  having 
their  sides  at  an  angle  to  each  other  must  necessarily  more  nearly 
fulfil  the  first  condition  than  any  other  form ;  but  what  this 
angle  should  be  must  be  governed  by  a  variety  of  considerations, 
for  it  is  clear  that  if  the  two  sides  start  from  the  same  point  at 
the  top,  the  greater  the  angle  contained  between  them  the  greater 
will  be  the  strength  of  the  bolt ;  on  the  other  hand,  the  greater 
this  angle,  supposing  the  apex  of  the  thread  to  be  over  the  cen- 
tre of  its  base,  the  greater  Avill  be  the  tendency  to  burst  the  nut, 
and  the  greater  the  friction  between  the  nut  and  the  bolt,  so 
that  if  carried  to  excess  the  bolt  would  be  broken  by  torsional 
strain  rather  than  by  a  strain  in  the  direction  of  its  length.  If, 
however,  we  should  make  one  side  of  the  thread  perpendicular 
to  the  axis  of  the  bolt,  and  the  other  at  angle  to  the  first,  we 
should  obtain  the  greatest  amount  of  strength,  together  with  the 
least  frictional  resistance  ;  but  we  should  have  a  thread  only  suit- 
able for  supporting  strains  in  one  direction,  and  constant  care 
would  be  requisite  to  cut  the  thread  in  the  nut  in  the  proper 
direction  to  correspond  with  the  bolt ;  we  have  consequently 
classed  this  form  as  exceptional,  and  decided  that  the  two  sides 
should  be  set  at  an  angle  to  each  other  and  form  equal  angles 
with  the  base. 

"  Tlie  general  form  of  the  thread  having  been  determined  upon 
the  above  considerations,  the  angle  which  the  sides  should  bear 
to  each  other  has  been  fixed  at  GO  deg.,  not  only  because  this 
seems  to  fulfil  the  conditions  of  least  frictional  resistance,  com- 
bined with  the  greatest  strength,  but  because  it  is  an  angle  more 
readily  obtained  than  any  other,  and  it  is  also  in  more  general 
use.  As  this  form  is  in  common  use  almost  to  the  exclusion  of 
any  other,  your  committee  have  cirefully  weighed  its  advantages 
and  disadvantages  before  deciding  to  recommend  any  modifica- 
tion of  it.  It  cannot  be  doubted  that  the  soft  thread  offers  us 
the  simplest  form,  and  that  its  general  adoption  would  require  no 
special  tools  for  its  construction ;  but  its  liability  to  accident,  al- 
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ways  great,  becomes  a  serious  matter  upon  large  bolts,  while  the 
small  amount  of  strength  at  the  sharp  top  is  a  strong  inducement 
to  sacrifice  some  of  it  for  the  sake  of  better  protection  to  the  re- 
mainder ;  while  this  conclusion  is  reached  it  is  at  once  evident  a 
corresponding  space  may  be  filled  up  in  the  bottom  of  the  thread, 
and  thus  give  an  increased  strength  to  the  bolt,  which  may  com- 
pensate for  the  reduction  in  strength  and  wearing  surface  upon 
the  thread.  It  is  also  clear  that  such  a  modification,  by  avoid- 
ing the  fine  points  and  angles  in  the  tools  of  construction,  will  in- 
crease their  durability ;  all  of  which  being  admitted,  the  question 
comes  up  what  form  shall  be  given  to  the  top  and  bottom  of  the 
thread?  for  it  is  evident  one  should  be  the  converse  of  the  other. 
It  being  admitted  that  the  sharp  thread  can  be  made  interchange- 
able more  readily  than  any  other,  it  is  clear  that  this  advantage 
would  not  be  impaired  if  we  should  stop  cutting  out  the  space 
before,  we  had  made  the  thread  full  or  sharp,  but  to  give  the 
same  shape  at  the  bottom  of  the  thread  would  require  that  a  si- 
milar quantity  should  be  taken  off"  the  point  of  the  cutting  tool, 
thus  necessitating  the  use  of  some  instrument  capable  of  measuring 
the  required  amount,  but  when  this  is  done  the  thread  having  a  flat 
top  and  bottom  can  be  quite  as  readily  formed  as  if  it  was  sharp. 
A  very  slight  examination  sufficed  to  satisfy  us  that  in  point  of 
construction  the  rounded  top  and  bottom  presents  much  greater 
difficulties,  in  fact  all  taps  and  screws  that  are  chased  or  cut  in  a 
lathe  required  to  be  finished  or  rounded  by  a  second  process. 
As  the  radius  of  the  curve  to  form  this  must  vary  for  every 
thread  it  will  be  impossible  to  make  one  gauge  to  answer  for  all 
sizes,  and  very  difficult,  in  fact  impossible,  without  special  tools, 
to  shape  it  correctly  for  one. 

"  Your  committee  are  of  opinion  that  the  introduction  of  a  uni- 
form system  would  be  greatly  facilitated  by  the  adoption  of  such 
a  form  of  thread  as  would  enable  any  intelligent  mechanic  to 
construct  it  without  any  special  tools,  or  if  any  are  necessary, 
that  they  shall  be  as  few  and  as  simple  as  possible,  so  that  al- 
though the  round  top  and  bottom  presents  some  advantages  when 
it  is  perfectly  made,  as  increased  strength  to  the  thread  and  the 
best  form  to  the  cutting  tools,  yet  we  have  considered  that  these 
are  more  than  compensated  by  ease  of  construction,  the  certainty 
of  fit,  and  increased  wearing  surface  off'ered  by  the  flat  top  and  bot- 
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tom,  and  therefore  recommend  its  adoption.  The  amount  of  flat 
to  be  taken  off  should  be  as  small  as  possible,  and  only  sufficient 
to  protect  the  thread;  for  this  purpose  one-eighth  of  the  pitch 
would  seem  to  be  ample,  and  this  will  leave  three-fourths  of  the 
pitch  for  bearing  surface.  The  considerations  governing  the  pitch 
are  so  various  that  their  discussion  has  consumed  much  time. 

"  As  in  every  instance  the  threads  now  in  use  are  stronger 
than  their  bolts,  it  became  a  question  whether  a  finer  scale  would 
not  be  an  advantage ;  it  is  possible  that  if  the  use  of  the  screw 
thread  was  confined  to  wrought  iron  or  brass  such  a  conclusion 
might  have  been  reached,  but  as  cast  iron  enters  so  largely  into 
all  engineerincr  work  it  was  believed  finer  threads  than  those  in 
general  use  might  not  be  found  an  improvement,  particularly  when 
it  was  considered  that,  so  far  as  the  vertical  height  of  thread  and 
strength  of  bolt  are  concerned,  the  adoption  of  a  flat  top  and 
bottom  thread  was  equivalent  to  decreasing  the  pitch  of  a  sharp 
thread  25  per  cent.,  or  what  is  the  same  thing,  increasing  the 
number  of  threads  per  inch  33  per  cent.  If  finer  threads  were 
adopted  they  would  require  also  greater  exactitude  than  at  pre- 
sent exists  in  the  machinery  of  construction,  to  avoid  the  liability 
of  overriding,  and  the  wearing  surface  would  be  diminished ; 
moreover,  we  are  of  opinion  that  the  average  practice  of  the  me- 
chanical world  would  probably  be  found  better  adapted  to  the 
general  want  than  any  proportions  founded  upon  theory  alone. 
We  have  taken  some  pains  to  ascertain  what  the  proportions  in 
use  are,  and  submit  the  following  as  being  in  our  judgment  a  fair 
average,  viz. : — 

Diam.  ofholt     i     1^       I     -^e       4     VV       I       I       i       1     U     U 

Threads  per  in 20     18     16     14     13     12     11     10      9        8     7       7 

Diam.  of  bolt    If     li     1|     If     1|     2      2^     2|     2|       3     3^    34 

Threads  per  in 6       6       5^     5       5       4^     4^     4       4         3^3^     3i 

Diara.  ofbolt     3^     4       4^     4i     4|     5      5^5^51       6    —    — 

Threads  per  in 3      3       2|     2^     21     24     24     2i     21      2i  —    — 

"  The  proportions  for  bolt  heads  and  nuts,  as  given  in  most 
of  our  books  of  reference,  are  believed  to  be  larger  than  neces- 
sary, and  all  are  tabulated,  necessitating  constant  reference.  A 
simple  formula  would  probably  induce  a  uniform  practice,  but  as 
most  of  the  sizes  in  common  use  are  made  by  machinery  and  also 
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by  hand,  it  is  believed  the  bolt-head  and  nut  for  finished  work 
should  be  made  somewhat  smaller  than  for  rough,  to  avoid  the 
confusion  that  would  ensue  if  the  necessary  allowance  for  dress- 
ing should  be  made  upon  work  intended  for  finishing. 

"  In  conclusion,  therefore,  your  committee  offer  the  follow- 
ing :— 

"  Resolved,  That  the  Franklin  Institute  of  the  State  of  Penn- 
sylvania recommend  for  general  adoption  by  American  engineers 
the  following  forms  and  proportions  for  screw  threads,  bolt- 
heads,  and  nuts,  viz : — 

"  That  screw  threads  shall  be  formed  with  straight  sides  at  an 
angle  to  each  other  of  60  deg.,  having  a  flat  surface  at  the  top 
and  bottom  equal  to  one-eighth  of  the  pitch.  The  pitch  shall  be 
as  in  the  preceding  table. 

"  The  distance  between  the  parallel  sides  of  a  bolt-head  and 
nut  for  a  rough  bolt  shall  be  equal  to  one  and  a-half  diameters  of 
the  bolt,  plus  one-eighth  of  an  inch.  The  thickness  of  the  heads 
for  a  rough  bolt  shall  be  equal  to  one-half  the  distance  between 
its  parallel  sides.  The  thickness  of  the  nut  shall  be  equal  to  the 
diameter  of  the  bolt.  The  thickness  of  the  head  for  a  finished 
bolt  shall  be  equal  to  the  thickness  of  the  nut.  The  distance 
between  the  parallel  sides  of  a  bolt-head  and  nut,  and  the  thick- 
ness of  the  nut  shall  be  one-sixteenth  of  an  inch  less  for  finished 
work  than  for  rough."' 

80.  Drills,  Chucks,  &c. — We  take  the  following  batch  of 
notes  and  illustrations  from  the  "Scientific  American." 

(a.)  Standard  Tioist  Drill. — "  There  is  no  tool  more  indispen- 
sable in  a  machine  shop  than  the  drill,  yet,  strange  as  it  may 
seem,  very  few  persons  take  much  pains  in  making  one  properly, 
or  using  it  right  when  made.  In  half  the  machine  shops  in  the 
country,  drills  lie  around  on  the  floor,  or  are  left  sticking  in  win- 
dow corners  where  no  one  can  find  them.  They  are  also  altered 
at  will  by  any  person  who  is  too  lazy  to  look  for  the  proper  size ; 
they  are  improperly  ground,  and,  in  short,  ill  used  in  so  many 
ways  that  great  delay  and  loss  is  the  result. 

"  The  Manhattan  Fire-arms  Company,  of  I^ewark,  ^.  J.,  have, 
at  great  expenditure  of  time  and  money,  perfected  a  system  for 
manufacturing  twist  drills  for  the  trade,  and  a  sample  of  them 
is  shown  herewith.     As  a  specimen  of  workmanship  these  drills 
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,.ve  .een  greatly  ^'^ZfXl^:X'S'Zt:.^^^^i:'^^ 
equalled.     We  have  had  an  °PP°f  ^"^^^      ^hev  feed  easily  ami 

^Ti"aSa.e  all  tu.ned  ^^^r^^Z^::::^ 
Uthe,  and  milled  outmthegr^ov-^  Co. ;  they  are  of 
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standard  sizes,  varying   uj 


Fig.  23- 


,,eh.  so  that  a  hole  of  any  known^  ,t  the'^re'tv^fy^rt 
t^^S^  Se^^'U  advantage  .sultin.  fro.n 
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this  feature.  They  are  tempered  up  to  the  end  of  the  twist;  and 
one  may  be  run  into  the  shank  without  withdrawing  it  from  the 
work  to  clear  the  chips. 

"Accompanying  these  drills  are  sockets,  like  that  shown  by 
the  side  of  the  tool  illustrated.  These  are  to  be  fitted  in  the 
machine  the  drills  are  to  be  used  in,  and  may  be  planed  square 
on  the  blank  end  or  turned  taper,  for  which  purpose  a  plug  centre, 
C,  fig.  23,  is  fitted  in  and  a  centre  left  in  the  other.  The  shank 
of  the  drill  fits  in  the  socket,  and  the  flattened  end.  A,  is  held 
by  the  keyway,  B,  in  the  socket,  so  that  the  tool  cannot  turn  ; 
a  key  driven  into  this  keyway  loosens  the  drill,  so  that  it  can  be- 
taken out. 

"  The  advantages  to  be  derived  from  the  use  of  these  drills 
over  those  ordinarily  made  are  very  great :  they  are  always  ready 
for  use;  any  size  can  be  found  in  the  set  without  altering;  they 
require"  no  dressing,  and  when  properly  used  will  last  for  years. 
They  are,  withal,  sold  remarkably  cheap,  much  lower,  in  fact,  than 
they  could  be  made  by  individuals.  They  are  about  twelve 
inches  long,  and  will  drill  from  seven  to  nine  inches  deep  ;  they 
are  made  of  the  best  cast-steel,  and  are,  in  all  respects,  first-class 
goods.  They  are  now  in  use  in  the  United  States  Navy  Yard, 
at  Brooklyn,  and  all  over  the  country,  by  our  largest  manufac- 
turers. 

"  For  small  metal  workers,  such  as  model  makers,  watch  and 
clock  makers  and  dentists  the  Company  make  drills  of  Stubb's 
steel  wire,  with  straight  shanks  of  all  sizes,  from  No.  1  to  60, 
which  is  about  l-32d  of  an  inch." 

(h.)  Smith's  Rivet — "  In  riveting  with  the  common  solid-end 
rivet,  it  is  a  common  experience,  even  with  the  greatest  care,  to 


have  the  rivet   '  cant '   over  and  spring  the  whole  job  out  of 
shape.    It  is  also  common  for  a  mechanic  or  other  person  to  strike 
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from  five  to  twenty-five  blows  before  he  can  form  a  proper  head, 
or  clinch,  on  a  rivet,  even  under  the  most  favourable  circumstances ; 
and  also  when  riveting  on  leather  or  other  soft  material,  to  have 
the  rivet  *  dance  round '  so  as  to  render  it  almost  impossible  to 
form  a  head  at  all.  All  these  difficulties  are  entirely  obviated  by 
this  improvement,  which  consists  in  countersinking  the  end  of  a 
rivet,  as  shown,  so  that  when  this  rivet  is  struck  with  a  stunt 
punch,  or  set  or  squeezed  with  an  eyelet  nipper  or  other  suitable 
tool,  the  outer  edge  will  easily  turn  over  so  as  to  form  a  hand- 
some and  substantial  head,  as  compared  with  the  bad  jobs  which 
frequently  disfigure  all  kinds  of  articles  on  which  rivets  are  used. 

"The  improvement  is  applicable  to  all  kinds  and  sizes  of 
rivets  ;  the  countersink  can  be  made  of  any  required  depth,  and, 
in  the  opinion  of  experts,  with  very  slight  alteration  in  the  com- 
mon rivet  machine,  be  made  as  cheaply  and  quick  as  common 
rivets  are  now  made." 

(c.)  New  Chuck  for  Wood  or  Metal. — "  Several  kinds  of  chucks 
are  employed  for  holding  work  between  two  centres ;  for  wood, 
prong  chucks  or  square  hold  are  the  most  common ;  for  metal, 
dogs  are  usually  employed  ;  the  disadvantage  of  the  above-named 
chucks  for  wood  is,  that  the  work  frequently  gets  out  of  centre, 
when  any  pressure  is  used,  and  it  cannot  be  taken  on  and  off  for 
examination  without  a  risk  of  missing  the  centre,  when  replaced. 

"  The  disadvantage  in  using  dogs,  when  turning  metal,  is  the 
necessity  of  turning  the  work  end  for  end,  which  requires  the 
dogs  to  be  shifted — when  you  wish  to  turn  a  cylinder,  for  instance, 
or  when  you  wish  to  file  a  cylinder  on  the  lathe;  and  another 
nuisance  of  dogs  is,  the  catching  of  the  tool  or  fingers  against  the 
projecting  points  of  the  dogs. 

"  To  obviate  these  inconveniences,  I  invented  a  very  simple 
contrivance  for  holding  work  between  two  centres,  which  is 
equally  applicable  to  wood  or  any  kind  of  metal,  and  the  same 
chuck  will  hold  as  firm  as  a  vise  a  piece  of  wood  or  metal  half 
an  inch  or  even  twelve  inches  in  diameter.  It,  moreover,  enables 
the  tool  of  the  slide  rest,  or  tlie  hand  tool,  to  pass  over  the  whole 
length  of  the  work,  without  turning  it  end  for  end ;  and  you  can 
take  the  work  off"  fifty  times  and  replace  it  with  perfect  accuracy. 

"  This  chuck  is  merely  a  short  cylinder  of  brass  or  of  iron, 
which  screws  on  to  the  lathe  head  with  a  steel  point  projecting  from 
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the  centre  of  the  other  end,  and  three  steel  points  at  a  short  dis- 
tance from  this  centre  point,  but  not  projecting  quite  as  far  out. 
These  three  points  are  equidistant  from  each  other  and  from  the 
centre  point.  The  projection  is  about  one-quarter  of  an  inch, 
more  or  less,  according  to  the  nature  of  the  work. 

"  Fig.  25  shows  the  face  of  the  chuck  with  four  points  pro- 
jecting.    Fig.  26  shows  a  side  view  of  the  chuck. 

Fig.  25.  Fig.  26. 


"  To  make  this  chuck  I  drill  four  holes  in  the  face  of  it,  each 
about  half  an  inch  deep,  with  a  drill  corresponding  with  any  size 
of  Stubb's  steel  wire — one  of  my  chucks  is  drilled  to  'No.  15, 
another  to  22.  I  then  cut  off  three  pieces  of  Stubb's  steel  wire 
of  one  size  smaller  than  the  holes  drilled,  and  point  each 
one  on  the  lathe,  and  dip  the  blunt  ends  into  melted  tin  after 
dipping  them  into  muriate  of  zinc.  I  heat  the  chuck  on  a  stove, 
drop  into  each  hole  a  little  muriate  of  zinc,  and  then,  with  a 
pair  of  pincers,  put  in  the  steel  wires,  with  the  points  outward ; 
and  when  cold  the  chuck  is  finished.  To  use  it,  drill  a  centre 
hole  in  each  end  of  the  work  to  be  turned,  with  the  same  drill 
employed  to  make  the  four  holes ;  put  the  centre  point  of  the 
chuck  into  the  centre  hole  of  the  work,  give  it  a  tap  with  a  mallet, 
and  you  will  have  three  marks,  which  will  enable  you  to  drill 
the  other  three  holes  in  the  work,  with  the  same  drill. 

"  These  four  points,  when  inserted  into  the  piece  to  be  turned, 
and  when  the  other  end  of  the  piece  is  held  by  the  point  of  the 
puppet  head  of  the  lathe,  will  keep  it  as  firm  as  if  held  by  a 
vise,  and  it  can  be  taken  off  and  replaced  without  regard  to  which 
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of  the  three  outer  points  is  inserted — for  if  drilled  equidistant, 
all  will  fit  the  work. 

"  A  bar  of  metal,  in  which  the  four  holes  have  been  drilled, 
can  be  used  up  until  within  one-fourth  of  an  inch  of  the  end,  and 
once  the  chucks  are  made  and  the  proper  drill  at  hand,  it  will  be 
found  as  easy  to  mark  and  drill  the  four  holes  in  the  work  as  to 
adjust  and  screw  up  a  pair  of  dogs,  especially  if  you  have  several 
pieces  of  metal  or  hard  wood  to  turn. 

"  I  have  found — equally  with  others  to  whom  I  have  shown 
ray  chucks — so  much  comfort  in  the  use  of  them,  that  I  freely 
impart  to  any  mechanic  the  knowledge  how  to  make  this  chuck, 
and  the  right  to  use  it." 

{d.)  Chuck  to  hold  Sheet  Metal,  Sfc. — "  To  turn  a  thin  piece 
of  sheet  brass  circular,  and  then  to  mill  its  edge,  requires  time 
and  skill ;  first,  to  fasten  the  uneven  piece  of  brass  plate  to  a 
wooden  chuck  by  means  of  screws,  in-  order  to  turn  a  circular 
disk ;  and,  secondly,  to  fasten  that  disk  between  points  and  a 
centre,  to  hold  it  true  and  firm  during  the  time  needed  to  mill 
its  edge.  Unless  great  care  be  taken,  the  sheet  bars  will  be 
indented  by  the  points  and  the  centre-point.  To  obviate  these 
difficulties,  I  adopt  a  very  simple  and  quick  mode  of  fastening 
the  metal  plate  to  a  chuck. 

"  Some  of  your  readers  may  suggest  that  the  plate  could  be 
.«iecured  by  shellac  or  cement.  This  plan  is  the  true  principle, 
but  the  sHghtest  blow  would  detach  the  plate  and  spoil  the 
work.  If,  however,  you  use  solder  as  a  cement,  the  adhesion  is 
perfect ;  and  by  the  following  plan,  in  a  few  minutes,  the  plate 
can  be  fixed  so  firmly  to  the  chuck  that  no  blow  or  jar  will 
atfect  it. 

"  As  I  have  found  old  hands  at  the  lathe  entirely  ignorant  of 
the  process  of  soft  soldering,  and  as  I  have  laboured  for  years 
under  the  same  disadvantage,  it  may  interest  some  of  your  young 
subscribers  to  know  how  to  attach  two  pieces  of  metal  in  a  few 
seconds.  This  is  effected  by  placing  on  each  piece,  with  a  leather 
or  small  brush,  a  small  quantity  of  muriate  of  zinc,  and  then 
holding  each  piece  over  a  spirit  lamp — -taking  care  not  to  inhale 
the  former — and  when  it  boils  rub  the  plate  with  a  thin  stick  of 
pure  tin  or  solder ;  I  prefer  tin,  which  I  melt  in  a  ladle,  throw 
out  with  a  jerk  on  a  metal  or  stone  slab,  so  as  to  form  a  sheet 
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when  cold,  and  then  cut  into  stripes  a  little  larger  than  an 
ordinary  match.  I,  however,  prefer  drawing  the  tin  into  wire 
I  if  different  thicknesses,  and  using  it  in  that  state.  Any  one  can 
make  the  muriate  of  zinc  by  filling  an  ale  glass  one  third  full 
with  muriatic  acid,  and  adding  pieces  of  zinc  (in  the  open  air) 
until  it  will  disolve  no  more,  then  pour  it  off  clear.  As  an  ex- 
periment for  the  learner,  let  him  heat  a  cejit  by  a  spirit  lamp, 
placing  a  drop  of  muriate  of  zinc  on  it,  and  then  rubbing  a  small 
quantity  of  tin  on  it,  while  the  cent  is  held  by  a  pair  of  pincers ; 
then  take  a  copper  tack,  dip  the  head  in  muriate  of  zinc,  and 
place  the  head  on  the  middle  of  the  cent,  which  is  still  held  by 
the  pincers  over  the  lamp ;  in  an  instant  the  head  of  the  tack 
will  become  turned,  and  when  both  are  cool  press  it  with  the 
foot  into  the  floor.  The  first  person  who  sees  the  cent  on  the 
floor  will  try  to  pick  it  up,  and  he  will  enjoy  a  laugh  at  the 
other's  expense,  and,  at  the  same  time,  have  taken  the  first  lesson 
in  soldering, 

"But  to  return  to  my  chuck,  which  1  call  my  '  solder  chuck,' 
It  would  answer  to  heat  any  thin  brass  chuck  and  tin  its  face, 
then  to  heat  the  sheet  brass  you  wish  to  turn  round,  and  to  tin 
it  also ;  placing  the  two  tinned  surfaces  together,  you  heat  them 
and  let  them  get  cool,  with  a  weight  pressing  them  together 
until  cold ;  but  this  would  consume  too  much  time  and  alcohol. 
I  therefore  make  my  chucks  of  brass  or  iron,  with  a  steel  male 
screw,  projecting  not  quite  one-fourth  of  an  inch  beyond  the  face 
of  the  chucks,     (Fig,  27.) 

Fig.  27. 


"  I  make  several  washers  of  brass,  one-fourth  inch  thick,  and 
tap  them  so  that  they  screw  accurately  on  to  the  male  screw  ; 
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they  are  of  different  diameters,  to  support  smaller  or  larger 
pieces  of  brass  plate,  according  to  the  diameter  of  sizes  I  may 
wish  to  turn.  One  side  of  these  washers  I  tin  by  the  process 
before  described.  I  now  take  a  piece  of  sheet  brass  (square  or 
any  other  shape),  mark  the  centre  with  a  point ;  then  I  tin,  as 
before  described,  a  place  about  as  large  as  the  washer  to  be  used ; 
then  I  place  the  tinned  side  of  the  washer  on  the  sheet  brass,  in 
the  centre,  which  you  see  through  the  hole  in  the  washer  ;  let 
the  whole  be  heated  over  a  spirit  lamp,  and  cooled,  and  this 
operation — which  will  only  take  a  minute  or  two — fastens  the 
sheet  brass  to  the  washer  perfectly,  and  you  now  can  screw  the 
washer  on  to  the  chuck.  You  can  thus  turn  the  sheet  brass 
round  with  perfect  accuracy,  and  mill  its  edge  if  you  choose,  as 
our  silver  coin  was  formerly  milled  on  the  edge,  and  then  if  you 
wish  to  form  the  bottom  or  top  of  a  metal  box,  you  can  turn 
a  groove  to  receive  the  body  of  the  box.  To  disconnect  the 
hnished  disk  from  the  washer,  you  heat  it  over  the  lamp,  and 
separate  the  two  while  hot,  rub  off  most  of  the  tin  with  a  piece 
of  newspaper,  and,  when  cold,  the  rest  of  it  with  sand  paper.  I 
have  before  me  a  flat,  round  brass  match  box,  made  in  this  way ; 
grooves  were  turned  in  the  top  and  bottom  disks,  and  short 
pieces  of  brass  pipe  were  soldered  into  the  grooves  in  the  same 
way  as  above  described ;  the  bottom  was  turned  with  eccentric 
circles  to  strike  the  match  on,  and  the  top  ornamented  with 
looped  figures  by  an  elliptical  cutter ;  the  box  was  then  bronzed, 
it  might  have  been  plated  or  gilted. 

"  The  above  description  illustrates  only  one  kind  of  '  solder 
chuck '  for  turners.  It  will  suggest,  however,  a  variety  of  other 
plans  for  attaching  work  to  be  turned  by  the  adhesive  properties 
of  solder.  For  instance,  when  I  wish  to  turn  steel  '  in  the  air ' 
with  great  accuracy,  I  bore  a  hole  into  a  brass  chuck  to  receive 
one  end  of  a  bar  of  steel,  which  I  solder  into  it,  and  thus  avoid 
the  possibility  of  shaking,  so  usual  in  universal  or  die  chucks.'' 

(81.)  Tlie  Displacement  Lubricator. — "Last  week,  in  a  para- 
graph, we  called  attention  to  Mr.  Eamsbottom's  patent,  to  which 
attention  may  again  be  directed  as  introductory  to  the  illustra- 
tions we  have  considered  it  necessary  to  give  in  further  explana- 
tion of  the  patent. 

"  The  lubricator,  as  shown  in  Fig.  28,  consists  of  a  spherical 
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one,  being  applicable  to  any  kind  of  stationary  engine.  It  may 
be  here  added  that  the  plug,  E,  is  merely  for  convenience  of 
manufacture,  and  should  never  be  taken  out.  In  order  to  be 
able  to  refill  the  vessel  whilst  the  engine  is  at  work,  a  screw 
valve  is  applied  to  the  break  at  B  when  required." — English 
Mechanic. 

82.  Rolling  Friction. — "  For  a  considerable  period,"  says  a 
writer  in  the  '  Mechanics'  Magazine,'  "the  practical  mechanic  has 
endeavoured  to  find  means  to  avoid  the  friction  of  all  descrip- 
tions of  shafting  in  their  bearings  ;  the  importance  of  such  a  dis- 
covery is  therefore  universally  recognised.  The  inconveniences 
attending  every  method  at  present  in  practice  are  well  known  ; 
it  is  therefore  unnecessary  to  enumerate  them.  All  that  has 
hitherto  been  done  is  to  economise  in  various  ways  the  lubricat- 
ing agent,  as,  for  instance,  by  substituting  oil  for  grease,  by 
arrangements  more  or  less  ingenious,  of  which  several  have  suc- 
ceeded to  an  extent,  and  have  been  used  on  an  extensive  scale  in 
large  and  powerful  machinery.  Scarcely  satisfied  with  this,  and 
looking  deeper  into  the  matter,  Messrs.  N.  Bailly,  C.  Duvand, 
G.  H.  Mesnard,  and  Z.  Poirrier,  have  attained  a  result  which 
enables  them  entirely  to  dispense  with  lubrication  by  greasy 
matter,  to  give  a  much  more  free  and  easy  motion,  and  sensibly 
lessen  the  wear  of  the  parts  in  contact.  This  is  effected  by  the 
substitution  of  rolling  friction  for  that  of  rubbing  surface  in  the 
bearings  of  shafting  in  machinery  and  axletrees  in  all  kinds  of 
vehicles. 

"  The  system  for  horizontal  bearings,  of  which  an  engraving  is 
annexed,  consists  in  the  appUcation  of  spheres  A,  fig.  29,  to  each 
end  of  the  bearing,  such  spheres  rolling  in  throats  or  necks  a,  a, 
is  turned  upon  the  shaft  or  axle  B,  and  in  the  end  plate  C,  whicli 
spheres  are  always  kept  equidistant  from  each  other  by  a  cylin- 
drical envelope  D,  with  embrasures  in  the  ends  to  receive  the 
spheres,  the  action  of  which  envelope  is  to  turn  the  spheres  about 
in  every  sense,  thereby  ever  changing  in  the  most  complete  man- 
ner the  points  in  contact,  and  producing,  according  to  tlie  invent- 
ors the  most  harmonious  motion  yet  discovered,  reducing  friction 
to  a  minimum,  rendering  lubrication  unnecessary,  while,  from  the 
rolling  action  the  bearings  can  never  become  hot.  It  will  be  seen 
from  the  engraving  that  each  bearing  is  in  itself  a  perfect  thrust 
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block,  rendering  those  expensive  arrangements  at  present  in  use 
unnecessary.  It  will  also  be  immediately  recognised  that  in  the 
lirst  cost  of  this  arrangement  it  is  positively  less  than  the  present 
plummer  block,  with  its  brasses,  &c 

"  Three  distinct  principles  of  economy  result  from  this  inven- 
tion : — 1st.  Dispensing  with  the  use  of  lubricating  matter,  while 
the  rolling  friction  will  never  be  sufficient  to  develope  heat  enough 
to  render  the  bearings  hot,  as  has  been  satisfactorily  proved  by 
the  practical  experience  of  the  patentees.  2d.  A  very  material 
reduction  in  the  power  required  to  overcome  the  resistance, 
through  the  easy  movement  of  the  axles  in  their  bearings,  and 
consequently  a  considerable  saving  of  fuel.  3d.  Very  little  wear 
in  the  parts,  inasmuch  as  there  is  no  rubbing  surface." 

83.  On  Locking  Nuts  and  Screws. — From  a  profusely  illus- 
trated article  in  the  "Engineer,"  June  9th,  1865,  we  take  the 
following  extracts : — "  To  nothing  more  than  to  practical  me- 
chanics is  the  Spanish  proverb  applicable  that  '  for  want  of  a  nail 
the  shoe  was  lost,  for  want  of  a  shoe  the  horse  was  lost,  for  want 
of  a  horse  the  rider  was  lost,  and  fell  into  the  hands  of  the  ene- 
my.' The  mechanic  who  neglects  small  things  will  fall  through 
small  things,  and  many  an  accident  has  been  caused  by  the  ne- 
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glected  loss  of  a  split  pin.  A  nut  or  female  thread  is  only  kept 
on  the  screw  by  means  of  friction,  and  there  is,  in  most  applica- 
tions of  a  nut,  a  continual  tendency  for  it  to  overcome  the  fric- 
tion that  keeps  it  from  running  down  the  spiral  inclined  plane. 
Jar  or  vibration,  which  simply  means  a  more  or  less  amount  of 
shaking,  greatly  intensifies  this  action,  and  sooner  or  later  the 
unlocked  nut  must  get  shaken  back  in  the  only  direction  it  can 
follow.  This  effect  is  naturally  very  much  felt  at  the  fish  joints 
of  permanent  way,  by  means  of  the  continual  jar  caused  by  the 
passage  of  the  trains.  Mr.  P.  M.  Parsons  once  stated,  before  the 
Institution  of  Civil  Engineers,  that  he  had  examined,  on  one 
occasion,  a  number  of  fish-plates  which  had  been  laid  down  about 
twelve  months  on  the  Great  Western.  He  found  that  'in  125 
pairs  of  joints,  each  pair  having  eight  bolts,  261  bolts  were  loose, 
and  six  were  out  altogether,  though  they  had  been  tightened  up 
within  forty-eight  hours.' 

"  A  very  great  number  of  devices  have  been  accordingly  in- 
troduced for  locking  nuts,  more  or  less  efficient,  and  more  or  less 
applicable  to  a  number  of  different  cases.  It  is  clear  that  good 
workmanship,  producing  a  proper  and  equable  friction,  must  be 
one  of  the  soundest  means  for  keeping  a  nut  tight,  and  making  it 
less  liable  to  be  shaken  off.  A  true  fit  between  the  thread  and 
the  nut  prevents  any  unequal  strain,  and,  inducing  proper  ad- 
hesion between  the  surfaces,  keeps  the  parts  from  shaking  loose, 
and  does  not  allow  any  range  for  the  jar.  The  bearing  surfaces 
r)f  the  bolt-head  of  the  face  of  the  nut  should  be  square  with 
the  axis  of  the  bolt,  while  the  hole  in  the  objects  screwed  up 
should  be  similarly  square  with  their  surfaces.  A  bearing  on  one 
side,  and  on  a  narrow  surface,  must  both  strain  the  threads  and 
quicken  the  loosening  tendencies  of  vibration.  Absolute  prac 
tical  truth  of  tliis  kind  is,  however,  only  obtainable  by  very  good 
workmanship,  which  will  always  be  more  or  less  expensive.  .  .  . 

"  Amongst  the  rough  and  ready  plans  for  the  purpose  is  rivet 
ing  back  the  end  of  the  bolt  on  the  nut.  This  is  often  done  with 
the  bolts  used  for  fastening  wheel  tires  to  the  rim.  For  our  own 
part,  we  cannot  see  why  a  rivet  should  not  be  used  at  once — at 
least  in  this  case.  Corrosion  also  sometimes  fastens  a  nut  on  as 
tightly.  Very  generally  used  devices  are  pinching  screws,  split 
pins,  and  split  cottars.     These  are  generally  calculated  for  a  fixed 


I 


Mech.  Ay.]        ON  LOCKING  NUTS  AND  SCREWS. 

Fig.  30. 


298 


and  unvarying  position  of  tlie  nut,  but  locking  plates  for  nkt., 
fitted  over  one  or  more  heads),  and  more  especfalf  ock  nut  t^ 
Zf^T^  ""'  '^""'^  ''"''^''^  '^"^  perLicauStment  to 

sever.1  difficulties.     The  principle  upon  which  'they  act tt: 

tnZ^'  Y  ^"^'  '"  *^  -essarily'cheTanlrnlrior'^i! 
manship  employed  m  making  the  numerous  bolts  required  for 
the  fished  joints  of  a  line,  and  to  the  continual  vibrS  actit 
on  an  innumerable  number  of  bolts  spread  over  Cgrst^nc"^ 
It  IS  thus  natural  to  expect  that  Mr  W  BtidJ^AlTl 
has  given  so  much  attentfon  to  permanelw^^fd  Z;  :t 
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proposed  and  introduced  a  number  of  contrivances  for  counter- 
acting the  continually-felt  evil  of  the  bolts  and  nuts  of  the  joints 
getting  loose.  Amongst  these  is  that  consisting  of  *  a  wedge- 
form  washer  or  collar,'  placed  between  the  hole  in  the  fish  and 
round  the  bolts,  '  so  that,  when  screwed  up,  it  will  jam  the  bolt 
hard.'  The  next  plan  of  Mr.  Adams  is  that  of  a  wedge-shaped 
piece  of  plate,  driven  in  between  the  nuts,  the  under  side  of  the 
heads  of  which  are  bevelled  at  all  the  four  corners,  '  or  a  groove 
may  be  formed  round  the  side,  or  across  them,  so  as  to  retain  the 
lock  plate  ;  and  the  lock  plates  may  be  curved  to  act  as  a  spring, 
or  the  ends  or  corners  may  be  made  to  turn  up,  to  prevent  them 
from  getting  rent.'  As  the  bolts  have  to  be  screwed  into  conve- 
nient positions  in  order  to  wedge  in  the  plates,  '  washers  of  more 
or  less  thickness  may  be  used  to  accomplish  it.' 

"  The  counteracting  tendency  of  screws  with  opposite  threads  has 
often  been  taken  advantage  of,  with  more  or  less  success,  in  keep- 
ing themselves  from  working  loose.  Amongst  these  is  the  plan 
of  Messrs.  R  Richardson  and  J.  L.  Billups,  who  fix  the  fishes  of 
permanent  way  by  means  of  left  and  right-handed  screws.  The 
fish  plates  (Fig.  30)  are  tapped  to  correspond  with  the  threads  of 
the  screws,  '  which  are  turned  to  draw '  the  fishes  together  by 
means  of  a  key  placed  on  either  or  both  of  the  heads  at  their 
ends.' 

"  A  neat  and,  probably,  effectual  device — though  not  without 
its  disadvantages — is  that  of  Mr.  ^lurphy.  He  grooves  the  bolts 
transversely  or  even  spirally,  and  into  one  of  these  grooves  he 
fits  either  a  pin,  or  taps  a  small  screw.  The  number  of  grooves 
in  the  nut  and  the  bolt  can  be  of  course  varied.  By  having  only 
one  groove  in  the  screw  of  the  bolt  and  two  in  the  screw  of  the 
nut,  the  key  or  pin  can  be  inserted  at  each  half  revolution  of  the 
nut ;  with  onv3  in  bolt  and  three  in  nut,  then  the  key  can  be  in- 
serted at  every  third  of  a  revolution,  ard  so  on. 

"  Captain  Tyler,  one  of  the  inspectors  of  railways  of  the  Board 
of  Trade,  patented  some  years  ago  a  form  of  locking  plate,  to  be 
dropped  on  the  bolts  of  the  fish  joints,  in  order  to  prevent  the 
nuts  getting  loose.  The  woodcut  illustrates  a  plate  of  this  kind, 
in  combination  with  a  form  of  rail  joint  afterwards  patented  by 
the  same  inventor.  The  bolts,  as  will  be  observed,  have  plain 
btems,  and  heads  at  each  end.     One  of  the  heads  is  of  the  or- 
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dinary  shape,  the  other  being  oblong.  The  bolts  are  made  of 
the  length  required,  and  in  one  of  the  fishes  '  a  long  and  narrow 
hole  is  made,  corresponding  in  shape  with  the  oblong  head  of  the 
bolt'  While  the  whole  is  temporarily  clipped  together,  the  bolts 
are  inserted  and  turned  one  quarter  round.  A  locking  plate  is 
then  slid  over  the  heads,  thus  securing  them  from  shaking  loose. 
"As  an  improvement  on  the  ordinary  jamb  nut,  Mr.  T.  H. 
Falkiner  employs  two  screwed  portions  of  the  length  of  the  bolt 
— the  one  of  larger  diameter  than  the  other,  and  screwed  in  re- 
verse directions.  Fig.  31.     On  each  of  these  right  and  left-handed 

Fig.  31. 


screws  is  a  corresponding  nut,  the  outside  one  acting  as  an 
ordinary  lock  nut,  '  so  that  it  serves  the  combined  purposes  of 
jamming  the  inner  nut  and  of  counteracting  the  tendency  of  the 
bolts  to  turn  loose.'  Mr.  W.  M.  Cochrane  has  re-patented — but 
only  as  far  as  a  provisional  protection — the  plan  of  Mr.  W.  B. 
Adams  and  other  inventors,  which  consists  in  placing  a  thin  plate 
between  the  nuts  and  the  fishes,  the  edges  of  which  are  after- 
wards turned  up  against  the  sides  of  the  nuts.  A  similar  plate 
is  also  turned  back  against  the  sides  of  the  bolt  heads. 

"  At  the  annual  conversazione,  held  the  week  before  last  at 
the  Institution  of  Civil  Engineers,  there  was  exhibited,  by  Mr. 
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F.  A.  Paget,  a  simple  little  device  for  locking  nuts,  and  for  also 
preventing  side  strain  on  the  threads,  which  will  probably  be  found 
generally  useful,  fig.  32.    It  consisted  in  the  use  of  a  steel  washer, 

Fig.  32. 


apparently  of  an  ordinary  kind,  but  made  of  such  a  shape  that  on 
screwing  down  the  nut  the  compression  causes  it  to  act  as  a  spring. 
A  number  of  different  shapes  were  to  be  seen,  one  of  which  we  il- 
lustrate. The  spring  action  is,  of  course,  more  or  less  according 
to  the  shape  and  dimensions — proportionately  increasing  that 
friction  on  the  threads  which  would  prevent  any  vibration  from 
turning  back  the  nut.  The  power  of  yielding  in  this  kind  of 
washer,  would  allow  it  to,  so  to  speak,  lap  itself  or  adjust  itself,  to 
the  surfaces,  thus  giving  greater  adhesion  than  with  inferior  work- 
manship. Similarly,  its  elasticity  would  take  up  any  inequali- 
ties of  the  surfaces,  thereby  preventing  side  strain  on  the  threads ; 
and,  in  this  way  also,  compensating  for  want  of  truth  in  the 
bearing  surfaces.  The  use  of  this  spring  washer  would  probably 
increase  the  efficiency  of  the  ordinary  lock-nut.  A  lock-nut  which 
is  used  for  details  requiring  an  exact  adjustment,  such  as  the 
brasses  of  bearings,  is  subject  to  a  peculiar  drawback.  When  the 
jamb-nut  is  screwed  down  on  the  ordinary  nut,  the  latter  gives 
way  by  the  amount  of  its  vertical  play  on  the  screw.  In  this 
way  the  brasses  of  a  bearing  often  get  screwed  down  too  tightly, 
and  have  to  be  unscrewed  and  re-adjusted.  With  a  washer  af- 
fording some  spring  this  action  could  not  take  place — or,  at  least, 
not  so  easily.  The  plan  is  also  clearly  peculiarly  applicable  to 
small  screws,  which  are  always  shaking  loose.  At  the  present 
price  of  steel,  washers  of  this  kind,  formed  with  concentric  cor- 
rugations, could  be  stamped  out  at  a  price  little  above  that  of  or- 
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dinary  wrought  iron  washers.  It  is  in  fact  probable  that  the 
former  prices  of  steel  have  stood  in  the  way  of  the  bringing  for- 
ward of  this  simple  device." 

84.  Leather  Belts. — For  the  following,  on  this  important  sub- 
ject, we  are  indebted  to  the  "Scientific  American  : " — "The  subject 
of  belts  and  the  peculiar  action  of  them  under  certain  circumstances 
and  the  conditions  under  which  they  work  are  of  the  greatest 
importance  to  mechanics  and  manufacturers.  We  print  in  this 
issue  several  communications  from  practical  men  which  refer  to 
some  peculiarities  not  generally  known  or  observed,  and  we  deem 
it  important  enough  to  the  arts  to  devote  considerable  space  for 
a  time  to  a  full  elucidation  of  the  subject.  We  direct  research 
and  attention  to  some  other  features  not  yet  remarked  which  may 
atford  useful  data  to  persons  using  power.  We  put  these  ques- 
tions as  follows  : — 

"  Is  a  thick  belt  better  than  a  thin  one,  or  the  reverse  % 

"  When  belts  stretch  on  one  side,  as  they  do  from  a  looser 
texture  of  the  leather,  or  from  other  causes,  why  do  they  run 
harder  and  run  off?  Why  is  it  that  some  belts  never  will  run 
straight  on  the  pulley  but  twist  like  a  corkscrew  % 

"  Is  the  hair  side  or  the  flesh  side  to  be  put  next  the 
pulley  1 

"  Is  there  any  thing  better  than  neats  foot  oil  for  belting,  to 
keep  it  in  good  order.  Is  a  crowned  pulley  or  rounded  face  neces- 
sary to  make  a  belt  run  true  ?  Some  machines  which  run  at 
high  velocities  have  pulleys  with  flat  faces.  Why  should  a  belt 
be  laced  straight  on  the  inside  and  crossed  on  the  outside  ? " 


"  The  horse-power  of  belting  or  the  tractive  force  exerted  by 
leather  bands  of  a  given  width,  at  a  certain  speed  expressed  in 
foot-pounds,  or  in  any  other  positive  way,  is  not  generally  known. 
AVe  do  not  know  what  it  is,  although  we  have  some  half  dozen 
rules  professing  to  give  a  unit  for  a  horse-power,  which  are  ob- 
viously incorrect.  A  horizontal  belt  of  a  given  length  will  drive 
more  than  a  vertical  belt  of  a  given  length ;  a  long  belt  more 
than  a  short  one,  and  a  twisted  belt  more  than  either,  because  in 
the  case  of  the  horizontal  and  the  long  belt,  the  sag  and  weight 
tend  to  produce  closer  contact  and  resist  strain  better  than  where 
the  belt  merely  hugs  the  pulley  by  its  tension ;  the  same  is  true 
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of  the  crossed  belt,  which  embraces  more  of  the  circumference  of 
the  wheel  driven. 

"  Eight  hundred  feet  per  minute  velocity  for  a  one-inch  belt 
is  said  to  give  a  horse-power ;  four  hundred  for  a  two-inch  belt 
will  give  the  same  ;  but  these  statements  appear  so  crude  and  un- 
satisfactory that  we  place  no  reliance  on  them,  and  we  want  more 
facts  and  less  fancy  when  dealing  with  such  subjects. 

"  The  dynamometer  affords  an  easy,  simple,  and  cheap  method 
of  testing  strains  or  the  transmission  of  power  from  one  machine 
to  another,  and  a  few  experiments  by  it  would  settle  forever  all 
doubts  and  uncertainty  on  this  point.  The  dynamometer  merely 
weighs  strain  as  a  butcher  weighs  meat,  and  with  the  same  in- 
strument— a  spring  balance.  If  a  lever  be  made  with  a  bearing, 
cap  and  bolts  at  one  end.  and  the  same  fitted  to  a  shaft,  and  if  a 
spring  balance  be  applied  to  the  other,  by  weighting  the  lever 
until  it  balances  the  tendency  to  raise  imparted  to  it  by  the  shaft, 
we  shall  have  an  exact  record  of  the  actual  number  of  foot-poundb 
of  work  or  strain  exerted  by  the  machine  tested,  when  the  rela- 
tions between  the  diameter  of  the  shaft  and  the  length  of  the 
lever  are  considered.  Of  course,  with  such  a  dynamometer  there 
is  great  friction,  and  if  the  test  is  continued  long,  much  heating 
on  the  shaft  occurs,  which  would  interfere  with  a  correct  result ; 
one  sufficiently  correct  for  practical  purposes  may,  however,  be 
obtained  if  the  experiment  be  made  properly. 

"  There  are  many  other  forms  of  dynamometers  for  weighing 
or  observing  the  force  of  machines,  but  it  seems  unnecessary  to 
consume  space  with  details  of  them,  when  it  is  apparent  to  all 
persons  who  would  be  likely  to  undertake  the  experiments  here 
recommended,  what  such  apparatus  should  be. 

"  Some  things  relating  to  the  action  of  belts  are  but  imper- 
fectly understood,  for  although  Morin's  experiments  have  de- 
monctrated  the  relative  resistances  of  belts  on  pulleys  of  different 
materials  and  surfaces,  such  as  rough  cast-iron,  smooth  cast-iron, 
wood,  etc.,  he  has  not  informed  us  of  their  position,  their  nature, 
whether  vertical,  horizontal,  or  twisted,  and  whether  the  ratio  of 
resistance  increases  in  regular  progression  from  a  belt  one  inch  in 
width  at  400  feet  up  to  a  belt  30  inches  wide,  at  the  same  velo- 
city. It  is  obvious  that  these  matters  exercise  a  great  influence 
on  the  transmission  of  power  by  belting. 
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"  From  an  experiment  at  one  of  our  largest  machine  shops,  it 
was  found  that  gearing  absorbs  less  power  than  belts,  and  that 
the  force  required  to  work  the  latter  is  extremely  variable,  de- 
pending upon  the  tension,  the  condition  of  the  surface  of  the 
pulley,  and  minor  matters.  This  fact  was  deduced  from  ob- 
serving the  working  of  a  fan  blower,  and  is  to  be  received  with 
caution,  for  it  has  hitherto  been  supposed  that  gears  consumed 
more  power  than  bands,  and  these  results  may  be  due  merely  to 
the  peculiar  arrangement  of  this  special  machine.  It  is  a  fact, 
howevef,  that  the  use  of  sawdust,  resin,  or  similar  substances,  to 
increase  the  adhesion  of  the  belts  to  pulleys,  as  also  the  employ- 
ment of  idler  pulleys,  or  rollers  suspended  against  belts  to  keep 
them  up  to  their  work,  also  the  divergence  of  belts  from  right 
lines  or  carrying  them  at  acute  angles  about  rollers  fixed  in  walls, 
add  greatly  to  the  expense  of  working  them. 

*'  Since  belts  are  so  universally  employed,  a  series  of  experi- 
ments on  this  subject  would  be  invaluable,  and  we  hope  that 
those  who  have  the  time  and  the  means,  as  well  as  others  who 
possess  experience  derived  from  actual  practice,  will  send  us  what 
information  they  may  possess  on  this  subject." 


"  The  difficulty  alluded  to  in  our  article  of  estimating  exactly 
what  power  is  transmitted  by  a  belt  is  not  solved  by  our  cor- 
respondent's communication,  although  he  gives  so  much  that  is 
interesting,  and  is  a  thinking  man.  He  assumes  that  the  belt 
(rule  1st,)  gives  or  transmits  22 1  H  P,  but  is  this  an  inference 
or  the  result  of  actual  experiment,  or  practice,  which  is  better  1 
A  belt  transmitting  22^  H  P  will  have  to  raise  742,500  lbs.  at 
the  rate  of  one  foot  high  in  a  minute,  and  that  the  force  exerted 
is  materially  changed  by  the  conditions  the  belt  works  under  is 
very  certain  from  the  data  furnished  by  Mr.  Cooper. 

"A  12-inch  belt  running  on  a  5-^-foot  pulley  at  45  revolutions 
per  minute  would  be  very  slack  not  to  transmit  more  than 
12 -horse  power.  We  know  of  an  11 -inch  belt  that  daily  trans- 
mits, from  a  4-foot  pulley  running  60  per  minute,  the  power 
exerted  by  an  11-inch  cylinder  and  30-inch  stroke  running  45 
revolutions  per  minute  with  50  pounds  of  steam.  In  this  com- 
parison the  advantage  is  with  the  5i-foot  pulley,  for  the  speed 
of  the  belt  over  it,  in  lineal  feet,  is  780,  while  the  smaller  pulley 
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runs  753  feet  per  minute.  The  power  thus  carried  off  by  this 
belt  (vertical)  without  an  idler  pulley  is,  by  the  rule  for  estimat- 
ing the  powers  of  steam  engines,  2  9 -horse  power. 

''  Let  it  be  understood  that  we  do  not  criticise  our  correspond- 
ent's letter  in  a  spirit  of  fault-finding,  but  with  a  view  to  further 
information  in  the  case. 

"  On  page  84,  Vol.  III.,  of  the  '  Scientific  American,'  we  pub- 
lished some  interesting  rules  and  facts  relating  to  the  transmis- 
sion of  power  by  belts,  and  the  opinion  is  there  expressed  that 
but  little  reliance  can  be  placed  on  rules  in  general,  for  so  much 
depends  on  the  elasticity,  length  of  belt,  and  velocity  of  the  same, 
that  arbitrary  formulae  do  not  always  suit  the  case.  We  are  not 
of  this  opinion  now,  and  see  no  reason  why,  when  the  length  and 
width  of  the  belt  is  given,  we  should  not  have  an  approximately 
correct  result,  with  the  ordinary  tension,  that  is  a  stretching 
that  will  neither  tear  out  the  lacing,  or  the  holes,  or  heat  the 
shaft,  but  be  sufficient  to  cause  a  moderate  and  proper  adhesion. 
Of  course,  in  this  case,  common  sense  must  be  used  to  determine 
what  reasonable  tension  means. 

"  As  our  correspondent  remarks,  the  experiments  with  the 
india-rubber  and  the  leather  belts  proved  nothing.  Mere  ad- 
hesion of  two  surfaces,  or  one  slipping  under  a  less  load  than  the 
other,  with  the  same  width,  is  no  criterion,  for  by  applying 
foreign  substances,  such  as  rosin,  or  oil  and  rosin,  the  adhesion 
can  be  greatly  increased,  and  a  small  belt  made  for  the  time  to 
draw  as  much  as  one  of  greater  sectional  area." 

85.  Purification  of  Lubricating  Oil. — "Oil  for  lubricating  pur- 
poses is  very  high  at  the  present  time,  and  should  be  carefully 
used.  Much  of  it  is  not  only  lost  by  improper  use,  but  is  actually 
thrown  away  by  persons  who  are  too  reckless  or  naturally  too 
wasteful  and  regardless  of  their  own  property  to  take  any  care 
of  that  belonging  to  others.  It  is  a  little  singular  that  men  who 
are  thought  unfit  for  higher  positions  are  generally  made  to  oil  the 
shafting  in  factories,  where  they  can  waste  a  gallon  every  day  by 
slovenly  and  stupid  use  of  it. 

"  When  oil  is  poured  on  a  bearing,  if  the  shaft  be  in  motion, 
it  takes  up  a  supply  enough  to  cover  the  surface,  while  the  super- 
fluity runs  off  at  the  nearest  outlet.  If  there  happens  to  be  a 
drip  pan  underneath  the  hanger,  the  oil  is  caught,  and  when  the 
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pan  gets  full,  the  contents  are  summarily  thrown  out  of  doors 
into  the  nearest  waste  hole. 

"  Although  much  of  this  oil  is  full  of  metallic  dust,  the  result 
of  wear,  that  does  not  prevent  it  from  being  used  again  when 
properly  treated  to  remove  the  foreign  matters.  This  can  be 
done  so  simply  and  so  easily,  that  we  think  much  economy  to 
manufacturers  will  result  from  the  adoption  of  the  following  pro- 
cess : — 

"  When  the  oil  is  taken  from  the  drip  pan,  it  should  be  poured 
off  carefully,  so  that  the  heaviest  part  of  it,  which  settles  at  the 
bottom,  may  be  treated  separately.  The  lightest  or  upper  por- 
tion should  be  put  in  a  vessel  and  heated  gradually  to  a  little 
below  the  boiling  point  of  water.  From  this  vessel  it  should 
run  through  flannel,  to  filter  it,  which  will  remove  the  finest  me- 
tallic dust  held  in  suspension  by  the  oil.  From  this  filter  the 
oil  will  come  out  semi-transparent,  but  in  a  great  measure  free 
from  the  grosser  impurities.  A  filter  of  animal  charcoal,  or  coal 
made  by  burning  bones,  should  then  be  used,  which  will  detain 
the  dirt  that  still  remains  behind,  and  render  the  oil  fit  for  use 
again  for  most  purposes. 

"  Oil  thus  treated  will  not  have  the  bright  and  clear  appear- 
ance of  that  bought  in  barrels,  but  it  will  be  very  good,  and  may 
be  used  over  and  over  again  with  comparatively  small  waste. 
Animal  charcoal  can  be  had  of  all  wholesale  druggists. 

"  For  large  works,  it  would  be  profitable  to  have  a  place  pre- 
pared particularly  for  the  object  of  purifying  the  waste  oil  by 
the  means  above  described.  Other  and  more  complicated  pro- 
cesses are  employed  by  refiners  to  extract  impurities  from  oils, 
but  they  are  obviously  unsuited  to  persons  not  acquainted  with 
chemical  changes  and  afiinities,  and  would  be  useless  to  our  readers. 
We  do  not  see  why  it  would  not  be  a  profitable  scheme  for  those 
versed  in  such  matters,  to  collect  the  waste  oil  from  drip  pans 
and  render  it  pure  again  for  a  small  sum  per  gallon.  It  is  not 
only  the  spent  oil  which  falls  into  these  drip  pans,  but  that 
lavishly  poured  over  the  hanger  by  the  oiler,  so  that  the  contents 
are  very  different  from  common  slush.  The  process  above  de- 
scribed has  been  tried  on  a  large  scale,  and  is  not  a  mere  experi- 
ment." 
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'  DIVISION  SEVENTH. 

METALS  AND  METAL  MANUFACTQRES. 

86.  The  ^^Besserner"  Processes  of  Steel-Making. — Those  inter- 
ested in  the  use  of  iron  and  steel  in  construction  are  well  aware 
of  the  important  innovations  in  their  manufacture  introduced  by 
Mr.  Henry  Bessemer,  so  important  that  they  may  be  said  to  be 
fast  bringing  about,  if  indeed  they  have  not  already  brought  about, 
a  complete  revolution  in  the  iron  and  steel  trade.  Everything, 
therefore,  bearing  practically  upon  the  processes  of  Mr.  Bessemer 
is  sure  to  be  interesting  and  useful.  The  following  is  an  abstract 
of  a  paper  read  by  the  inventor  before  the  late  meeting,  at  Bir- 
mingham, of  the  British  Association,  in  which  much  will  be  found 
that  is  suggestive.     The  paper  is  entitled, 

On  the  Manufacture  of  Cast-Steel,  its  ProgresSy  and  Employ- 
ment as  a  Substitute  for  Wrought-Iron. — "  On  the  1 3th  of 
August,  1866,  the  author  had  the  honour  of  reading  a  paper  be- 
fore the  Mechanical  Section  of  the  British  Association  at  Chelten- 
ham. This  paper,  entitled  '  The  manufacture  of  Malleable  Iron 
and  Steel  without  Fuel,'  was  the  first  account  that  appeared 
shadowing  forth  the  important  manufacture  now  generally  known 
as  the  Bessemer  process 

"  In  the  original  fixed  converting  vessel,  as  patented  and 
erected  in  London  for  experimental  purposes  in  1856,  the  tuyeres 
were  passed  through  the  sides  of  the  vessel  in  a  horizontal  direc- 
tion, the  result  was  that  the  blast  of  air  entered  only  a  short 
distance  into  the  fluid  mass,  and  much  of  it  escaped  upwards  be- 
tween the  sides  of  the  vessel  and  the  metal.  The  effect  of  this 
was  the  rapid  destruction  of  the  brick  lining,  caused  by  the  ex- 
cessive temperature  generated  in  the  process,  and  the  solvent 
property  of  the  resulting  silicate  of  protoxide  of  iron,  which 
sometimes  destroyed  a  lining  of  half  a  brick  in  thickness  during 
the  blowing  of  two  charges  of  metal  for  about  twenty  minutes 
each.  Another  difficulty  arose  from  the  impossibility  of  stopping 
the  process  without  running  out  the  metal,  for  if  the  blowing 
ceased  for  one  instant  the  fluid  metal  would  run  into  the  tuyeres, 
and  stop  them  up. 
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'*  A  great  inconvenience  of  the  fixed  vessel  also  arose  from  the 
danger  and  difficulty  in  tapping  out  the  fluid  malleable-iron  with 
a  bar,  after  the  manner  of  tapping  an  ordinary  cupola  furnace, 
for  the  blast  had  to  be  continued  during  the  whole  time  the 
charge  was  running  out  of  the  vessel,  in  order  to  prevent  the  re- 
maining portions  from  entering  the  tuyeres.  A  similar  difficulty 
arose  while  running  in  the  crude  metal  from  the  melting  furnace, 
since  it  was  necessary  to  turn  on  the  blast  before  any  metal  was 
run  into  the  vessel,  the  first  portions  so  run  in  were,  in  conse- 
quence, partially  decarbonised  before  the  whole  of  the  crude 
metal  had  left  the  melting  furnace.  These  were  among  the  more 
prominent  difficulties  that  had  to  be  remedied 

'*  It  may  be  remembered  that  an  important  part  of  the  process, 
as  described  at  Cheltenham  in  1856,  consisted  in  tapping  the 
fluid  crude  iron  from  the  blast  furnace,  and  allowing  it  to  flow 
direct  into  the  converting  vessel,  and  be  there  blown  to  the  ex- 
tent only  of  decarbonising  it  so  far  as  to  produce  cast-steel. 
This  part  of  the  original  programme  has  been  most  successfully 
carried  out  in  Sweden,  where  an  extensive  establishment  for  its 
manufacture  has  been  erected  by  M.  Goranson,  of  Geffle 

''  After  giving  a  few  illustrations  of  the  capabilities  of  the  pro- 
cess as  originally  described  at  Cheltenham,  the  author  proceeded 
to  show  how  the  disadvantages  of  the  old  fixed  converting  vessel 
were  remedied  and  other  improvements  introduced.  Many  forms 
of  converting  vessels  were  tried  on  the  large  scale  before  this  de- 
sirable object  was  attained.  In  some  of  them  the  lining  was  too 
easily  broken  down  by  the  violent  motion  of  so  heavy  a  fluid  as 
iron  ;  in  some  of  the  forms  tried  the  angles  allowed  the  metal  to 
solidify  in  them,  and  so  clog  up  the  vessel ;  in  others,  the  mouth 
of  the  vessel  being  too  small,  caused  the  metal  to  be  thrown  out 
by  the  force  of  the  escaping  blast.  It  was  also  found  that  if  the 
mouth  was  too  large  the  heat  escaped,  so  as  to  cause  part  of  the 
converted  metal  to  solidify  in  the  vessel ;  the  relative  height  and 
diameter  of  the  vessel  was  also  found  to  produce  important  differ- 
ences in  the  working  of  the  process  ;  finally,  and  after  many  long 
and  expensive  trials,  a  peculiar  form  of  vessel  was  adopted.  This 
vessel  is  made  in  two  parts,  so  as  to  admit  easily  of  its  being 
lined  up  with  a  pulverised  silicious  stone,  known  as  'ganister,* 
which  so  resists  the  action  of  the  heat  and  slags  as  to  last  for 
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fully  100  consecutive  charges  of  steel  before  it  is  worn  out.  Its 
form  is  that  of  the  arch  in  every  position,  which  prevents  the 
lining  from  falling  down  by  its  own  weight.  There  are  no  angles 
in  which  the  splashes  of  metal  can  solidify  and  accumulate.  Its 
mouth  directs  the  flame  and  sparks  away  from  the  workman,  and 
from  the  moulds  and  other  apparatus ;  while  the  throat  of  the 
vessel,  and  the  position  of  the  mouth,  almost  entirely  prevents 
the  throwing  out  of  the  metal.  The  vessel  is  mounted  on  trun- 
ions  supported  on  stout  pedestals,  so  that  a  semi-rotary  motioii 
may  be  communicated  to  it  at  pleasure.  The  tuyeres  are  placed 
at  the  bottom  of  the  vessel,  so  as  to  force  the  air  vertically 
upward  through  the  metal  without  coming  in  contact  with  the 
sides  of  the  vessel.  When  the  crude  metal  is  to  be  run  into  the 
vessel  it  is  turned  on  its  axis;  a  gutter  will  then  conduct  the 
crude  cast  iron  from  the  melting  furnace  into  it.  It  is  not  ne- 
cessary to  turn  on  the  blast  until  the  whole  of  the  metal  is  run 
in,  because  the  tuyeres  occupy  a  position  above  the  level  of  it. 
As  soon  as  the  air  is  admitted  through  the  tuyere  the  vessel  is 
turned  into  another  position  when  its  decarbonisation  immediately 
commences.  As  soon  as  this  is  effected,  as  much  molten  pig  iron 
made  from  spathose  iron  ore  is  added  to  it  as  will  restore  the 
quantity  of  carbon  necessary  to  produce  the  desired  quality  of 
steel,  which  is  then  run  into  the  casting  ladle,  and  from  whence 
it  is  transferred  to  a  series  of  iron  moulds  ranged  in  a  semi- 
circular pit,  each  mould  being  placed  within  the  sweep  of  the 
casting  crane ;  the  filling  of  these  moulds  is  regulated  by  a  cone 
valve  made  of  fire-clay,  and  fitted  in  the  bottom  of  the  casting 
ladle,  so  as  to  be  opened  or  shut  at  pleasure  by  means  of  a 
handle  on  the  outside  of  the  ladle 

"  Up  to  this  period  the  manufacture  of  cast-steel  by  the  old 
as  well  as  the  new  process  is  still  so  far  imperfect  that  steel  of 
the  highest  quality  cannot  be  made  from  inferior  iron.  In  the 
old  Sheffield  process  the  original  quality  of  the  Swedish  charcoal 
iron  employed  governs  the  quality  of  the  cast-steel  made ;  con- 
sequently, £36  per  ton  is  freely  given  for  the  high  class  Dana- 
mora  iron,  while  other  brands  of  Swedish  charcoal  iron  may  be 
bought  for  j£15.  In  either  case  these  are  expensive  raw  ma- 
terials for  the  cast-steel  maker. 

"  In  1839  the  trade  of  Sheffield  received  an  enormous  impulse 
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from  the  invention  of  Josiah  Marsliall  Heath,  who  patented  in 
this  country  the  employment  of  metaUic  manganese,  or,  as  he 
called  it,  carburet  of  manganese.  The  addition  of  a  small  quan- 
tity of  this  metal,  say  from  one-half  to  one  per  cent.,  rendered  the 
inferior  coke-made  irons  of  this  country  available  for  making  cast 
steel ;  it  removed  from  these  inferior  qualities  of  iron  their  red- 
shortness,  and  conferred  on  the  cast-steel  so  made  the  property 
of  welding  and  working  soundly  under  the  hammer.  This  inven- 
tion was  of  immense  importance  to  the  town  of  Sheffield,  where 
its  value  was  at  once  appreciated.  Mr.  Heath,  supposing  him- 
self secure  in  his  patent,  told  his  licensees,  that  if  they  put  oxide 
of  manganese  and  coal  tar  or  other  carbonaceous  matter  into  their 
crucibles  along  with  the  blister  steel,  that  it  would  do  as  well, 
and  be  much  cheaper  than  the  carburet  of  manganese  he  was 
selling  them  ;  in  effect  it  was  the  same  thing,  for  before  the  steel 
was  melted  the  carbon  present  reduced  the  oxide  of  manganese 
to  the  metallic  state,  so  that  his  patent  carburet  of  manganese  was 
formed  in  the  crucible  in  readiness  to  unite  with  the  steel  as 
soon  as  it  became  perfectly  fused.  But  the  law  decided  that  this 
was  not  Heath's  patent,  and  so  the  good  people  of  Sheffield,  after 
many  years  of  Utigation,  were  allowed  to  use  it  without  remunera- 
tion to  the  inventor. 

"  Manganese  has  now  been  used  for  many  years  in  every  cast- 
steel  works  in  Europe.  It  matters  not  how  cast-steel  is  made, 
since  manganese  added  to  it  necessarily  produces  the  same  bene- 
ficial changes ;  no  one  better  appreciated  this  fact  than  the  un- 
fortunate Mr.  Heath,  as  evidenced  by  his  patent  of  1839,  in 
which  he  declares  that  his  invention  consists  in  '  the  use  of  car- 
buret of  manganese  in  any  process  whereby  iron  is  converted  into 
cast-steel.'  Had  Heath  seen  in  his  own  day  the  Bessemer  process 
in  operation,  he  could  not  have  said  more  ;  he  well  knew  the  effect 
produced  by  manganese  on  steel,  and,  therefore,  claimed  its  em- 
ployment in  any  process  whereby  iron  is  converted  into  cast-steel. 

"With  this  patent  of  Heath's  expired,  and  become  public  pro- 
perty, coupled  with  the  universal  addition  of  manganese  and 
carbon  to  cast-steel,  it  would  naturally  be  supposed  that  the  au- 
thor, in  common  with  the  rest  of  mankind,  would  have  been  allowed 
to  share  the  benefits  which  Heath's  invention  had  copferred  or; 
the  whole  community,  but  it  was  not  so." 

u 
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After  showing  how  a  number  of  patents  were  taken  out,  in 
opposition,  and  how  some  gentlemen  even  repatented  portions  of 
the  writer's  own  patents,  while  others  patented  things  in  daily- 
use,  in  the  hope  that  they  might  be  considered  new  when  added 
to  the  products  of  the  new  process,  the  author  proceeds  : — 

"  Within  six  weeks  of  the  date  of  the  Cheltenham  paper,  Mr. 
Eobert  Mushet  had  taken  out  three  patents,  which  form  part  of 
that  long  series  of  patents  by  which  he  hoped  to  secure  to  him- 
self the  sole  right  to  employ  manganese  in  combination  with  iron 
or  steel  made  from  pig  iron  by  forcing  atmospheric  air  through 
it.  In  this  long  series  of  patents  almost  every  conceivable  mode 
of  introducing  manganese  into  the  metal  is  sought  to  be  secured. 

In  fact,  manganese  and  its  compounds  were  so 

claimed  under  all  imaginable  conditions,  that  if  this  series  of 
patents  could  have  been  sustained  in  law  it  would  have  been 
utterly  impossible  for  the  author  to  have  employed  manganese 
with  steel  made  by  his  process,  although  it  was  considered  by  the 
trade  to  be  impossible  to  make  steel  from  a  coke-made  iron  with- 
out it 

"  Very  soon  after  the  reading  of  the  Cheltenham  papers,  sev- 
eral rough  trials  of  the  Bessemer  process  were  made  privately  by 
persons  in  the  iron  trade,  and  defects  discovered  which  were  sup- 
posed by  practical  men  to  be  perfectly  fatal  to  the  invention. 
Once  more  the  press  teemed  with  accounts  of  the  process,  but  this 
time  it  spoke  only  of  its  utter  impracticability,  and  of  regrets  that 
the  expectations  originally  formed  were  so  fallacious.  The  storm, 
however,  gradually  subsided,  and  the  process  and  its  author  were 
soon  entirely  forgotten.  Imperfections  in  the  process  there  cer- 
tainly were,  but  the  author  had  had  the  most  irrefragable  proofs 
of  the  correctness  of  the  theory  on  which  his  invention  was  based, 
and  also  that  the  reasoning  on  which  it  was  so  utterly  condemned 
by  the  trade  was  in  itself  wholly  fallacious  ;  he  therefore  decided 
not  to  argue  the  question  against  a  hundred  pens,  but  to  ener- 
getically prosecute  his  experiments,  and  to  remain  silent  until  he 
could  bring  the  process  to  a  commercial  success.  When,  at  the 
expiration  t)f  about  three  years  of  incessant  labour  on  the  part  of 
himself  and  partner,  Mr.  Longsdon,  and  ah  expenditure  of  more 
than  ^10,000,  the  process  was  again  brought  before  the  public, 
not  the  slightest  interest  was  manifested    by  the  trade  ;  it  had 
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been  for  years  agreed  on  all  sides  that  it  was  a  total  failure,  and 
was  looked  upon  simply  as  a  brilliant  meteor  that  had  suddenly 
flitted  across  the  scientific  horizon,  leaving  the  subject  in  more 
palpable  darkness  than  before.  This  entire  want  of  confidence 
on  the  part  of  the  trade  was  most  discouraging ;  one  of  two  things 
became  imperative,  either  the  invention  must  be  abandoned,  or 
the  writer  must  become  a  steel  manufacturer ;  the  latter  alterna- 
tive was  unhesitatingly  accepted,  and  Messrs.  Henry  Bessemer 
and  Co.  determined  to  erect  a  steel  works  at  Sheffield,  in  the  very 
heart  of  that  stronghold  of  steel  making.  At  these  works  the 
process  has  ever  since  been  successfully  carried  on ;  it  has  become 
a  school  where  dozens  of  practical  steel  makers  received  their 
first  lessons  in  the  new  art,  and  is  the  germ  from  which  the  pro- 
cess has  spread  into  every  state  in  Europe,  as  well  as  to  India 
and  America. 

"  By  the  time  the  new  works  at  Sheffield  had  got  into  practical 
operation  the  invention  had  sunk  so  low  in  public  estimation  that 
it  was  not  thought  worth  paying  the  £50  stamp,  due  at  the  ex- 
piration of  three  years,  on  Mr.  Miishet's  large  batch  of  manganese 
patents;  they  were,  consequently  allowed  to  lapse  and  become 
public  property. 

"  The  author,  has,  therefore,  used  without  scruple  any  of  these 
numerous  patents  for  manganese,  without  feeling  an  overwhelm- 
ing sense  of  obligation  to  the  patentee. 

"  At  the  suggestion  of  the  author  a  works  for  the  production  of 
manganese  alloys  was  erected  by  Mr.  Henderson,  at  Glasgow, 
who  now  makes  a  very  pure  alloy  of  iron  and  manganese,  con- 
taining from  twenty-five  to  thirty  per  cent,  of  the  latter  metal, 
and  possessing  many  advantages  over  spiegeleisen,  which  it  will 
doubtless  replace.  Two  bright  rods  of  1 J  in.  diameter  will  be 
found  on  the  table,  they  were  folded  up  cold  under  the  hammer. 
This  extremely  tough  metal  is  made  by  using  Mr.  Henderson's 
alloy  in  lieu  of  spiegeleisen,  which  is  incapable  of  making  steel  of 
such  a  quality. 

"A  Prussian  gentleman,  M.  Preiger,  has  been  also  successful 
in  manufacturing  a  new  alloy,  which  he  calls  ferro-manganese, 
consisting  of  sixty  to  eighty  per  cent,  of  metallic  manganese.  It 
is  extremely  useful  in  making  malleable  iron  by  the  Bessemer 
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process,  in  which  spiegeleisen  cannot  be  employed  on  account  of 
the  large  proportion  of  carbon  it  contains. 

"  It  is  gratifying  to  turn  from  a  review  of  the  troubles  and  im- 
pediments of  the  past,  and  briefly  notice  some  of  the  more  impor- 
tant applications  of  steel  as  a  substitute  for  wrought-iron. 

"In  no  case  is  this  change  of  material  more  important  than  in 
the  construction  of  ships,  for  in  no  instance  are  strength  and 
lightness  more  essential. 

"  The  Bessemer  cast  steel  made  for  ships'  plates  by  the  several 
eminent  lirms  now  engaged  in  that  manufacture,  is  of  an  ex- 
tremely tough  and  ductile  quality,  while  it  possesses  a  degree  of 
strength  about  double  that  of  the  inferior  kind  of  iron  plates 
usually  employed  in  shipbuilding,  hence  it  is  found  that  a  much 
less  weight  of  material  may  be  employed,  and  at  the  same  time  a 
greater  degree  of  strength  may  be  given  to  all  parts  subjected  to 
heavy  strains 

"The  application  of  steel  for  projectiles  has  now  become  a 
necessity  since  the  introduction  of  armour  plates.  We  have  be- 
fore us  a  11 0  lb.  shot,  that  has  passed  with  very  slight  injury 
through  a  5-inch  armour  plate,  and  also  some  specimens  of  bent 
angle  iron,  made  of  Bessemer  iron,  and  rolled  at  the  Millwall 
Ironworks,  in  London,  and  from  the  same  works  a  portion  of 
one  of  Hughes'  patent  hollow  steel  beams  for  supporting  the  ar- 
mour plating  in  course  of  construction  for  the  forts  at  Cronstadt ; 
both  these  are  interesting  examples  of  what  the  rolling  mills  of 
the  present  day  can  effect,  and  of  the  facility  with  which  cast 
malleable  iron  and  cast  steel  admit  of  being  worked  into  the  most 
difficult  forms. 

"  There  is  no  department  in  engineering  in  which  the  peculiar 
toughness  of  steel,  and  its  strength  and  power  of  resisting  wear 
and  abrasion,  are  of  such  vital  importance  as  in  its  application  to 
railway  purposes.  This  fact  had  long  since  impressed  itself 
strongly  on  the  mind  of  Mr.  Ramsbottom,  of  the  London  and 
North-Western  Railway,  who  commenced  experiments  with  this 
material  in  1861 ;  carefully,  though  trustingly,  he  tried  it  step  by 
step,  not  even  at  first  venturing  to  employ  it  for  passenger  trains, 
but  as  proofs  of  its  safety  and  economy  crowded  upon  him,  he 
carefully  applied  it  to  the  most  important  parts  of  passenger 
engines,  and  even  to  the  manufacture  of  the  formidable  engine 
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cranks  (at  that  time  entrusted  only  to  the  most  eminent  iron- 
making  firms  in  the  kingdom)  these  iron  cranks  are  now  being 
replaced  by  steel  ones  forged  from  a  single  mass.  One  of  these 
steel  cranks,  manufactured  at  the  new  steel  works  at  Crewe,  has 
been  obligingly  lent  by  Mr.  Ramsbottom  as  an  illustration  of  the 
use  of  steel  for  this  purpose,  that  gentleman  has  also  taken  out 
of  use  a  plain  steel  axle  that  has  run  a  distance  of  112,516  miles, 
and  now  exhibits  very  slight  signs  of  wear 

"  So  important  were  found  to  be  the  advantages  of  employing 
cast  steel  as  a  substitute  for  wrought- work  at  the  works  of  the 
London  and  North- Western  Eailway  Company,  that  the  directors, 
acting  under  the  advice  of  their  able  engineer,  determined  on 
building  a  large  steel  works  at  Crewe,  which  is  now  in  active  and 
successful  operation.  In  the  design  and  arrangement  of  their 
plant  for  working  up  the  steel  several  important  improvements 
have  been  introduced  by  Mr.  Eamsbottom,  among  others  his 
duplex  hammer,  which  strikes  a  bloom  on  both  sides  of  the  ingot 
at  once,  in  a  horizontal  direction,  and  thus  renders  unnecessary 
the  enormous  foundations  required  for  ordinary  hammers.  Here 
also,  he  has  put  up  his  improved  rolling  mill  for  rolling  blooms 
of  large  size,  the  enormous  machine  being  reversed  with  the 
greatest  rapidity  and  ease  by  the  attendant,  without  any  shock 
or  concussion  whatever. 

"  While  matters  were  thus  steadily  progressing  in  the  engine 
department  of  the  company,  the  engineer  of  the  permanent  way, 
Mr.  Woodhouse,  took  in  hand  a  thorough  investigation  of  a  no 
less  important  problem — viz.,  the  substitution  of  cast  steel  for 
wrought-iron  railway  bars.  For  this  purpose  some  500  tons  of 
rails  were  made,  and  put  down  at  various  stations  where  the 
traffic  was  considerable,  so  as  to  arrive,  at  the  earliest  period,  at 
a  true  comparison  of  the  respective  endurance  of  wrought-iron 
and  cast-steel  rails.  It  will  be  unnecessary  here  to  enter  into  the 
numerous  details  of  the  extensive  series  of  experiments  syste- 
matically carried  out  by  Mr.  Woodhouse;  the  trials  made  at 
Camden  will  suffice  to  show  the  extraordinary  endurance  of  steel 
rails.  It  is  supposed  that  there  is  not  one  spot  on  any  railway 
in  Europe  where  the  amount  of  traffic  equals  that  at  the  Chalk - 
farm  bridge  at  Camden-town.  At  this  spot  there  is  a  narrow 
throat  in  the  line,  from  which  converges  the  whole  system  of 
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rails  employed  at  the  London  termini  of  this  great  railway. 
Here  all  passenger,  goods,  and  coal  traffic  have  to  pass;  here, 
also,  the  making  up  of  trains  and  shunting  of  carriages  is  con- 
tinually going  on.  At  this  particular  spot  two  steel  rails  were 
fixed  on  May  2d,  1862,  on  one  side  of  the  line,  and  two  new 
iron  rails  were  on  the  same  day  placed  precisely  opposite  to  them, 
so  that  no  engine  or  carriage  could  pass  over  the  iron  rails  with- 
out passing  over  the  steel  ones  also.  When  the  iron  rails  became 
too  much  worn  to  be  any  longer  safe  for  the  passage  of  trains, 
they  were  turned  the  other  way  upwards,  and  when  the  second 
side  of  the  rails  were  worn  as  far  as  tlie  safety  of  the  traffic  would 
allow,  the  worn  out  rail  viras  replaced  by  a  new  iron  one — the 
same  process  being  repeated  as  often  as  was  found  necessary. 
Thus  we  find,  at  the  date  of  the  last  report,  on  March  1st,  1865. 
that  seven  rails  had  been  entirely  worn  out  on  both  faces.  Since 
then  another  has  been  worn  out  up  to  July,  making  sixteen  faces 
worn  out,  the  seventeenth  face  being  in  use  on  August  2 2d, 
when  the  steel  rail  that  had  been  placed  opposite  to  them  was 
taken  up  in  the  presence  of  the  writer,  and,  by  the  kind  permis- 
sion of  Mr.  Woodhouse,  now  lies  on  the  table  before  the  meeting. 
Taking  its  resisting  powers  at  three  more  faces  only,  it  will  show 
an  endurance  of  twenty  to  one  in  favour  of  steel 

"  In  conclusion,  it  may  be  remarked  that  cast-steel  is  now  being 
used  as  a  substitute  for  iron  to  a  great  and  rapidly  increasing 
extent. 

"The  jury  reports  of  the  International  Exhibition  of  1851 
show  that  the  entire  production  of  steel  of  all  kinds  in  Sheffield 
was,  at  that  period,  35,000  tons  annually,  of  which  about  18,000 
tons  were  cast-steel,  equal  to  346  tons  per  week;  the  few  other 
small  cast-steel  works  in  the  country  would  probably  bring  up 
this  quantity  to  400  tons  per  week  as  the  entire  production  of 
cast-steel  in  Great  Britain.  The  jury  report  also  states  that  an 
ingot  of  steel,  called  the  'monster  ingot,'  weighing  24  cwt.,  was 
exhibited  by  Messrs.  Turton,  and  was  supposed  to  be  the  largest 
mass  of  steel  ever  manufactured  in  England.  Since  that  data  a 
great  change  has  been  made,  for  the  largest  Bessemer  apparatus 
at  present  erected  in  Sheffield,  at  the  works  of  Messrs.  John 
Brown  and  Co.,  is  capable  of  producing  with   ease  every  four 
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hours  a  mass  of  cast-steel  weighing  14  tons,  being  twenty  times 
larger  than  the  'monster  ingot'  of  1851. 

"  There  are  now  seventeen  extensive  Bessemer  steel  works  in 
Great  Britain.  At  the  works  of  the  Barrow  Steel  Company 
1,200  tons  per  week  of  finished  steel  can  easily  be  turned  out, 
and  when  their  new  converting  house,  containing  twelve  more 
iive-ton  converters,  is  completed,  these  magnificent  works  will  be 
capable  of  producing  weekly  from  2,000  to  2,400  tons  of  cast-steel. 
There  are  at  present  erectod  and  in  course  of  erection  in  England 
no  less  than  sixty  converting  vessels,  each  capable  of  producing 
from  three  to  ten  tons  at  a  single  charge.  When  in  regular 
operation  these  vessels  are  capable  of  producing  fully  6,000  tons 
of  steel  weekly,  or  equal  to  fifteen  times  the  entire  production  of 
cast-steel  in  Great  Britain  before  the  introduction  of  the  Besse- 
mer process.  The  average  selling  price  of  this  steel  is  at  least 
^20  per  ton  below  the  average  price  at  which  cast-steel  was  sold 
at  the  period  mentioned.  With  the  present  means  of  production 
therefore,  a  saving  of  no  less  than  ^6,240,000  per  annum  may  be 
effected  in  Great  Britain  alone,  even  in  this  infant  state  of  the 
Bessemer  steel  manufacture." 

87.  The  Bessemer  Metal. — "  At  a  time,"  says  a  writer  in  the 
"  Engineer,"  "  when  there  is  so  much  doubt  as  to  the  issue  of 
the  great  trial  of  capital  v.  labour,  in  the  iron  trade,  it  will  be 
interesting  to  know  how  far  science  is  superseding  those  processes 
in  which  labour  is  so  largely  required.  The  puddlers,  just  now, 
form  the  larger  proportion,  perhaps,  of  those  locked  out  on  strike 
in  the  iron  districts ;  or  if  not  actually  the  most  numerous,  they  are 
those  whose  labour  it  is  least  convenient  to  dispense  with.  It  may 
be  that  we  can  never  do  without  puddled  iron,  and  we  may  be  sure 
that  as  long  as  iron  is  known  as  iron,  we  cannot  do  without  iron- 
workers of  some  class  or  other.  First,  we  have  had  much  reason 
to  hope  for  the  success  of  machine  puddling,  but  this  success  is 
by  no  means  yet  established.  Puddling  is  a  process  nearly  a  cen- 
tury old,  by  which  melted  crude  iron  is  mechanically  stirred  up 
to  the  air  in  order  that  its  carbon  and  silicon  may  be  burnt  out 
by  oxygen.  It  may  seem  as  simple  a  matter  to  make  a  '  stir- 
about '  in  an  iron  furnace  as  in  a  kettle  of  Scotch  oatmeal  and 
water,  but  somehow  we  have  found  it  necessary  to  employ  a 
skilled  salamander  for  the  former  operation.     A  good  many  have 
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tried  mechanical  stirring,  or  '  puddling,'  for  the  iron,  as  worked 
by  hand,  is  melted  and  stirred  in  a  puddle,  say,  2  ft.  in  diameter, 
and  only  a  few  inches  deep.  Some  years  ago  Captain  Bernard 
Walker  i^ndertook  to  churn  the  melted  crude  iron  in  a  rotary 
churn,  and  we  believe  good  blooms  were  made.  Later,  Mr. 
Tooth  took  up  the  idea  in  a  modified  form,  and  he  set  up  a  pair 
of  steam  puddlers,  or  rotary  puddling  machines,  in  the  yard  of  a 
house  in  the  Ehodeswell-road,  Stepney.  Of  these  we  had  some- 
thing to  say  four  years  ago.  Good  blooms  were  made,  but  not, 
perhaps,  with  certainty.  Some  of  the  South  Staffordshire  mas- 
ters found  these  blooms  to  consist  partly  of  unrefined  cast  iron. 
But  the  idea  survives,  and  it  is  in  course  of  further  trial  at 
Dowlais,  where,  if  anywhere,  it  should  be  best  turned  to  practical 
account. 

"  But  the  great  rival  of  the  puddler,  in  the  case  of  a  large 
amount  of  iron,  is  the  Bessemer  '  converter.'  Instead  of  work- 
ing the  iron  about  to  expose  it  to  oxygen  (and  this  is  the  pur- 
pose of  puddling),  the  oxygen  is  pumped  through  the  melted 
iron,  the  diff'erence  in  the  weights  thus  handled  being  about  as 
four  thousand  to  one.  It  is  between  eight  and  nine  years  since 
the  Bessemer  process  was  first  known.  It  then  appeared  too 
good  to  be  true,  and  yet  it  was  worked  with  success.  Mr. 
Bessemer  found  difficulties,  however,  in  dealing  with  the  larger 
proportion  of  British  iron,  and  difficulties  also  in  the  working 
of  his  earlier  apparatus.  But  he  persevered,  and  was  re- 
warded by  the  knowledge  that  he  could  obtain  metal  of  great 
hardness  and  toughness  from  certain  abundant  varieties  of  iron, 
and  that  the  manufacture  could  be  brought  far  within  a  limit 
of  cost  to  which  no  other  process,  with  a  like  object,  had  evei* 
approached.  Many  thousands  of  tons  of  *  Bessemer  metal  * — for 
the  '  trade'  are  not  quite  sure  whether  it  is  iron  or  steel,  although 
it  is  really  both  in  one — are  now  made  yearly,  and  there  need  be 
little  prediction  in  stating  that,  in  the  ordinary  course  of  success- 
ful progress,  many  hundreds  of  thousands  of  tons  will  yet  be 
made  annually 

"  We  believe  some  small  plate  girders  of  Bessemer  steel  have 
been  constructed,  but  its  advantages  would  appear  chiefly  in  large 
spans,  where,  in  the  case  of  iron,  the  weight  of  the  bridge  itself 
forms  the  greater  part  of  its  own  load.     For  ordinary  spans  the 
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present  price  of  Bessemer  steel  leaves  no  margin  of  advantage  to 
the  engineer.  It  is  known,  however,  that  it  is  being  learned  how 
to  turn  the  commoner  kinds  of  English  iron  to  good  account  in 
the  Bessemer  process,  and  as  the  waste  in  manufacture  is  very 
little,  and  as  a  great  number  of  firms  are  now  competing  in  the 
business,  it  is  in  all  respects  probable  that  Bessemer  metal  will  fall 
rapidly  in  price,  and  that  its  use  will  be  as  rapidly  extended." 

88.  Steel  Manufacture. — From  an  article  in  the  "Mechanics' 
Magazine,"  date  July  21, 1865,  we  take  the  following  description 
of  modes  of  working  steel  other  than  by  the  Bessemer  process : — 
"  A  cast  steel,  very  useful  for  some  purposes,  is  produced  from 
wrought  iron  by  fusion  with  carbon  in  a  crucible.  The  degree  of 
hardness  attained  in  the  steel  depends  upon  the  quantity  of  char- 
coal used ;  for  tool  steel  1  "5  to  1  "7  per  cent,  is  introduced ;  for 
soft  steel  less  than  1  per  cent,  is  sufficient.  This  produces  a  soft 
metal  capable  of  receiving  a  high  polish,  and  which  casehardens 
\vithout  bending.  Some  of  this  steel,  or  partially  carburised  iron, 
has  been  carefully  tested  and  found  capable  of  sustaining  a  strain 
of  thirty-five  tons  to  the  inch.  Under  the  name  of  homogene- 
ous iron,  a  Sheffield  firm  has  also  introduced  a  mild  steel  of  this 
kind,  which  takes  an  average  tensile  strain  of  forty-one  and  a  half 
tons,  or  double  that  of  wrought  iron.  A  peculiar  process  of 
manufacturing  steel  is  adopted  at  the  works  of  M.  Bugeney, 
near  Paris.  These  works  are  managed  by  M.  Chenot  and  his 
son,  from  whom  Mr.  Fairbairn  obtained  the  particulars  of  manu- 
facture. M.  Chenot  employs  a  peculiarly  constructed  furnace, 
fifty  feet  high  and  about  eighteen  feet  square  at  the  widest  part, 
in  which  he  makes  steel  direct  from  the  ore  by  converting  it  into 
what  he  calls  sponge.  To  the  main  furnace  are  attached  other 
furnaces  containing  the  fires,  the  greatest  care  being  taken  that 
the  gaseous  products  alone  shall  come  in  contact  with  the  ores. 
The  heated  currents  from  the  minor  furnaces  are  distributed 
through  the  main  furnace  by  means  of  numerous  intersecting 
flues,  which  also  serve  to  equalise  the  temperature  at  those 
parts  where  they  come  in  contact  with  the  ores.  The  time 
required  for  producing  the  sponge  from  the  ore  is  five  days. 
About  a  ton  of  this  sponge  is  withdrawn  from  the  furnace 
every  twenty -four  hours,  by  means  of  a  movable  grated  platform, 
which  is  elevated  by  rack  and  pinions  to  the  proper  height  in  the 
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furnace,  where  it  receives  the  charge,  and  is  lowered  at  the  re- 
quired temperature  to  the  space  prepared  for  its  reception  below. 
The  air  is  carefully  excluded  by  placing  a  luting  of  clay  all  round 
the  platform  over  which  the  sponge  is  removed.  Upon  the  pro- 
cess of  calcination,  or  conversion  of  the  ore  into  sponge,  being 
completed,  it  is  supplied  with  carbon  by  being  soaked  in  oil  or 
other  grease.  It  is  afterwards  placed  in  wrought-iron  retorts,  and 
exposed  to  the  heat  of  a  furnace  for  two  hours,  in  order  that  any 
excess  of  carbon  it  may  have  received  shall  be  driven  off.  The 
next  step  is  to  reduce  the  sponge  to  a  powder,  which  is  afterwards 
compressed  into  bars  in  strong  iron  tubes  by  machinery.  When 
it  has  reached  this  condition  it  is  fit  for  melting,  and  is  placed  in 
a  crucible  with  four  tons  of  coke  to  one  of  steel.  From  the  cru- 
cible it  is  run  into  ingots,  and  is  finally  prepared  for  the  market 
by  the  hammer  in  the  usual  way.  From  this  peculiar  method  of 
manufacture  a  superior  description  of  steel  is  obtained. 

"  In  some  works  on  the  continent  the  German  refining  process 
is  adopted,  and  steel  is  produced  from  crude  iron  by  the  de- 
carburising  effect  of  a  blast  in  a  furnace  similar  to  a  refinery. 
The  pigs  are  melted  by  charcoal,  and  a  strong  blast  is  conducted 
over  the  molten  surface  of  the  iron.  The  mass  of  iron  is  stirred 
up  so  that  every  portion  is  brouglit  under  the  action  of  the  blast. 
The  consolidation  of  the  mass,  and  the  colour  of  the  flame,  are  the 
indications  by  which  it  is  known  that  the  process  has  been  car- 
ried sufficiently  far.  The  direct  production  of  steel  from  cast-iron 
in  the  puddling-furnace  has  for  years  been  a  fact  well  kno"svn  to 
manufacturers,  but  only  recently  has  puddled  steel  become  an 
article  of  commercial  importance.  The  process  of  converting 
cast-iron  into  steel  by  puddling  is  similar  to  that  employed  for 
puddling  iron,  with,  however,  this  difference  :  the  iron  is  subjected 
to  the  oxidising  action  of  the  flame  until  the  whole  of  the  car- 
bon is  extracted,  whilst  in  puddled  steel  the  action  is  stopped 
before  that  point  is  reached.  The  iron  is  usually  allowed  to  re- 
tain from  half  to  one  per  cent,  of  carbon,  and  when  this  degree 
of  carburisation  has  been  arrived  at,  tl^e  puddler  closes  the  damper 
and  collects  the  steel  into  balls,  which  are  hammered  and  rolled 
in  the  ordinary  way.  There  is,  however,  one  objection  to  pud- 
dled steel,  and  that  is  the  want  of  uniformity  to  which  it  is  liable. 
But  mistakes  in  the  manufacture  may  be  corrected  by  breaking 
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the  bars,  obtained  as  above,  and  rejecting  the  bad  ones,  the  rest 
being  piled,  heated,  and  rolled  into  plates  or  bars.  With  care  in 
selecting  the  iron,  and  in  making,  a  tough  malleable  steel  is  pro- 
duced, which  has  superseded  wrought-iron  to  a  considerable  ex- 
tent in  boilermaking  and  shipbuilding.  Its  tenacity  ranges  from 
35  to  40  tons  per  square  inch,  and  its  cost  is  about  25  per  cent. 
in  excess  of  that  of  wrought  iron.  Captain  Uchatius  produces 
cast  steel  direct  from  the  crude  iron  by  melting  the  pigs  in  a  cu- 
pola, and  running  the  products  into  a  cistern  of  cold  water.  In 
the  cistern  is  a  dash-wheel  which  revolves  very  rapidly,  and  by 
striking  the  iron  causes  it  to  become  granulated.  The  particles 
are  afterwards  intimately  mixed  with  oxide  of  iron  in  a  state  of 
powder,  or  with  sparry  iron  and  fine  clay.  The  quantity  of  oxi- 
dising material  used  is  from  20  to  30  per  cent.,  according  to  the 
amount  of  oxygen  required.  The  ingredients  are  placed  in  a  cru- 
cible, and  fused  in  the  steel  melting  furnace.  The  oxides  cause 
the  granules  of  cast  iron  to  part  with  some  of  their  carbon,  and 
a  slag  is  formed  which  purifies  the  steel.  The  quantity  of  steel 
obtained  is  somewhat  in  excess  of  the  iron  introduced,  in  conse- 
quence of  a  portion  of  the  oxides  becoming  reduced.  The  size  of 
the  granules  affects  the  quality  of  the  steel ;  if  they  are  large  the 
steel  is  hard,  if  small  then  the  product  is  a  soft  steel,  owing  to 
the  fact  that  decarburisation  proceeds  very  slowly  inwards  from 
the  surface.  The  tensile  strength  of  this  steel  is  about  90,000 
lbs.  per  square  inch. 

"  Allied  to  the  material  under  notice,  is  the  gun  metal  pro- 
duced by  Mr.  Mushet.  It  is  made  by  cutting  up  bar  iron  into 
small  pieces,  each  weighing  about  an  ounce,  and  melting  them  in 
steel  melting  pots.  A  small  proportion  of  two  other  metals  is 
added,  and  from  this  the  peculiar  properties  of  the  gun  metal  are 
derived.  The  introduction  of  charcoal  regulates  the  hardness  of 
the  alloy,  which,  after  fusion,  is  moulded  in  ingots.  The  proper 
treatment  for  this  metal  is  to  roll  or  draw  it  out  at  cast-steel  heat, 
as  its  tenacity  becomes  impaired  by  raising  it  to  a  welding  tempera- 
ture. Some  samples  of  this  gun  metal,  tested  by  Mr.  Fairbairn, 
gave  a  breaking  weight  of  4  6 "  1 7  6  tons  per  square  inch.  This,  how- 
ever, does  not  equal  some  results  obtained  from  the  Bessemer  steel 
by  Colonel  Wilmot,  which  gave  upwards  of  sixty-eight  tons  per 
square  inch.     At  the  last  meeting  of  the  Academy  of  Sciences, 
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a  communication  was  received  from  M.  Aristide  Berard  upon  a 
new  direct  method  of  producing  cast  steel  by  means  of  gases.  M. 
Berard  operates  on  the  melted  metal  alternately  with  reducing 
and  oxidising  agents.  The  necessary  heat  is  produced  by  gases, 
the  furnace  used  being  of  the  reverberatory  class,  with  two  soles 
separated  by  a  bridge,  on  which  coke  is  placed  to  remove  the  free 
oxygen.  For  fifteen  minutes  air  is  sent  through  the  metal  on 
one  side,  the  other  being  treated  with  a  mixture  of  hydrogen  and 
carbonic  oxide  free  from  sulphur.  The  treatment  is  then  re- 
versed for  another  fifteen  minutes.  The  process  is  thus  explained 
"While  oxidation  goes  on,  part  of  the  iron  is  oxidised  to  pro- 
toxide; the  earthy  metals,  such  as  silicium,  aluminium,  calcium, 
&c.,  are  also  oxidised,  and  probably  combine  with  the  oxide  of 
iron  and  form  compound  silicates.  The  sulphur,  phosphorus, 
and  arsenic  also  oxidise  and  pass  away.  During  the  process  of 
reduction,  the  oxide  of  iron  is  reduced  and  the  other  metals  re- 
main in  combination  with  the  siUca  forming  scoria,  which  floats 
on  the  surface.  Any  sulphur,  phosphorus,  or  arsenic  which  es- 
caped oxidation  will  then  form  a  volatile  h3''drogen  compound. 
The  final  process  is  that  of  decarburation,  which  is  eff'ected  by  the 
air  blast.  It  is  stated  that  cast  steel  of  very  high  quality  is 
obtained  by  this  method  of  treatment.  M.  Berard  observes  that 
manganese  plays  an  indefinite  part,  the  certain  effect  of  which  is 
to  facihtate  the  process  of  converting  the  iron  into  steeL 

"  Much  has  been  said  and  written  upon  the  composition  of 
steel,  and  various  theories  have  been  propounded  as  to  its  com- 
position and  the  elements  requisite  for  the  production  of  the  best 
varieties  of  steeL  M.  Fremy  has  made  very  extensive  experi- 
ments, which  have  led  him  to  form  the  opinion  that  iron  in  its 
three  states — cast-iron,  steel,  and  wrought- iron — is  due  not  only 
to  the  different  proportions  of  carbon  they  contain,  but  also  to 
the  presence  of  nitrogen.  Mr.  Mushet,  again,  has  advanced  a 
theory  that  titanium  is  essential  in  the  manufacture  of  steeL 
Titanium  has  a  great  affinity  for  nitrogen  and  carbon ;  and  if 
nitrogen  is  requisite,  it  is  possible  that  titanium  might  act  as  a 
carrier  of  nitrogen  and  carbon.  Upon  the  whole  the  investiga- 
tions and  experiments  with  respect  to  steel  are  as  yet  very 
limited ;  knowledge  in  this  direction  requires  extending,  and  this 
is  the  more  important  as  the  use  of  steel  increases.     With  the 
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development  of  the  mamifactiire  will  come  a  better  practical 
knowledge  of  its  requirements,  and  out  of  this  only  can  we  hope 
to  establish  perfection." 

89.  On  certain  methods  of  treating  Cast-Iron  in  the  Foundry. 
(Bj  Zerah  Colbnrn). — After  describing  the  "  plant "  of  the 
foundry,  the  "  cupolas,"  and  the  "  blast  apparatus,"*  and  pointing 
out  what  he  conceives  to  be  improvements  in  them,  Mr.  Colbum 
proceeds  to  show, — "  1,  The  means  for  increasing  the  strength  and 
hardness  of  castings.  2.  Means  for  insuring  uniform  cooling  in 
castings  after  pouring.  3.  The  treatment  for  malleable  castings. 
4.  Chilhng. 

"  At  one  time  when  cast-iron  was  employed  for  boilers,  shaft- 
ing, large  ordnance,  and  bridges,  its  strength  was  of  great  con- 
sequence. It  has  now  become  usual  to  employ  wrought-iron  or 
steel  for  the  appUcation  just  named,  and,  indeed,  wherever  great 
absolute  strength  is  required.  Even  engine  beams,  since  the 
lamentable  failure  at  Hartley,  are  being  made  of  wrought-irom 
So  the  importance  of  great  strength  in  castings  has.  no  doubt, 
been  lessened,  and  for  most  purposes  it  has  been  found  cheaper 
to  employ  a  somewhat  larger  quantity  of  ordinary  iron  than  to 
pay  a  higher  price  and  incur  the  delay  often  attending  the  search 
for  a  superior  quality.     .... 

"  I  shall  say  nothing  of  the  selection  of  particular  brands  of 
iron,  nor  of  the  great  importance  of  proper  mixing  in  the  cnpola, 
for  I  could  only  say,  what  every  quahlied  founder  well  knows, 
that  upon  these  a  great  deal  depends.  I  could  give  no  directions 
better  than  those  upon  which  founders  now  act,  each  having  to 
choose  and  mix  the  irons  which  he  has  found  best  for  his  own 
purposes  in  his  own  district,  for  it  is  always  important  to  him 
not  to  send  further  than  is  necessary  for  his  pigs.  But  there  are 
modes  of  increasing  the  strength  of  a  large  number,  if  not  all,  of 
the  irons  known  to  commerce ;  and  although  there  is  still  much 
doubt  as  to  the  relations  between  the  chemical  constitution  and 
the  strength  of  iron,  it  is  certain  that  all  the  known  modes  of 
strengthening  cast-iron  are  modes  whereby  its  proportion  of  un- 
combined  carbon  and  of  silicium  is  known  to  be  diminished.  If 
we  puddle  cast-iron  up  to  a  certain  extent,  and  stop  at  the  right 
point,  we  have  steel  of  very  great  strength,  and  if  we  carry  the 
puddling  far  enough  we  have  wrought-iron.     So  if  we  melt  cast- 
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iron  with  wrought-iron,  as  in  making  what  is  called  StirUng's 
tougliened  metal,  we  lessen  the  relative  proportions  of  the  im- 
purities to  the  iron  as  contained  in  the  pig,  and  if  we  do  not  get 
a  remarkably  tough  metal,  we,  at  any  rate,  produce  one  of  great 
hardness,  and  some  of  our  locomotive  makers  employ  such  a 
mixture  purposely  to  obtain  hardness  in  their  steam  cylinders. 
So  also,  by  oxidizing  cast-iron  at  a  high  heat,  as  in  the  treatment 
for  malleable  iron  castings,  we  gain  undoubted  strength  and 
toughness 

"  Now,  as  all  the  processes  whereby  cast-iron  is  strengthened 
are  processes  whereby  its  proportion  of  contained  carbon  and 
silicium  is  diminished,  some  quicker  and  much  cheaper  mode  of 
effecting  this  object  is  required  than  that  by  re-melting  or  by 
partial  puddling.  This  quicker  and  cheaper  mode  would  be  had 
by  a  partial  application  of  Mr.  Bessemer's  treatment,  that  is  by 
blowing  air  through  the  iron  for  perhaps  three  or  four  or  five 
minutes,  instead  of  twenty.  But,  it  will  be  asked,  if  you  are  to 
have  the  Bessemer  apparatus  at  all,  why  not  convert  the  iron  at 
once  into  steel  ?  There  are  several  reasons  why  we  should  not. 
To  make  steel,  a  much  higher  quality  of  iron,  and  generally  the 
addition  of  spiegeleisen,  is  necessary.  As  steel  the  metal  cannot 
be  run  into  goods,  but  only  into  an  ingot,  which  requires  very 
heavy  hammers  to  forge  it,  as  well  as  machine  tools  of  unusual 
strength  to  finish  it  after  forging  ;  the  wear  of  the  converter  and 
other  plant  would  be  much  greater  for  steel  than  for  toughened 
iron.  The  waste  of  metal  before  the  finished  article,  whatever 
it  might  be,  could  be  produced,  would  be  greater  for  steel  than 
cast-iron.  I  have  recommended  this  partial  application  of  the 
Bessemer  process,  and  I  believe  that  when  more  attention  comes 
to  be  given  to  strength  in  castings,  this  treatment  will  be 
adopted.  The  apparatus  for  carrying  it  out  would  be  exceed- 
ingly simple,  and  would  be  worked  with  but  little  trouble,  a 
blast  being  derived  from  tlie  rotary  blower  already  described. 

"  But  absolute  strength  in  the  iron  of  large  castings  is  of  httle 
consequence  unless  they  cool,  after  pouring,  in  such  a  manner  as 
not  to  leave  them  subject  to  considerable  internal  strains.  We 
know  that  the  late  Professor  Hodgkinson  found  that  with  the 
iron  he  experimented  upon  the  compressive  strength  was  six 
times  that  in  tension,  and  hence  that  the  bottom  Uange  of  a  cast- 
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iron  girder  should  have  six  times  the  sectional  area  of  the  top 
flange.  But  very  few,  if  any,  engineers  adopt  such  a  proportion, 
as  the  casting  would  in  all  probability  crack  in  coolino- 

"  To  make  a  casting  of  great  strength  it  is  necessary  that  all 
i)arts  cool  alike  or  nearly  so.  In  the  case  of  guns  cast  solid,  the 
core  bored  out  is  often  found  honeycombed  by  retarded  coolinf^ ; 
and  the  metal  forming  the  surface  of  the  bore  can  be  proved  to 
be  under  considerable  initial  strain  in  consequence.  Of  course 
guns  were  cast  hollow  many  years  ago ;  but  not  until  1847  was 
it  proposed  to  cool  the  core,  after  casting,  by  means  of  water  cir- 
culating in  pipes  within  it.  Captain  Rodman  in  that  year 
patented  the  mode  by  which  all  the  larger  American  guns  have 
been  cast.  Within  the  core  are  two  water  pipes,  one  inside  the 
other,  and  like  those  in  Mr  Field's  boiler,  known  to  so  many  in 
this  society.  Water  flows  down  the  inner  pipe,  which  is  open 
at  both  ends,  and  rises  through  the  outer  pipe,  which  is  closed  at 
the  bottom.     A  perfect  circulation  of  water  is  thus  secured. 

"  Nearly  all  the  railway  wheels  in  use  on  the  American  lines 
are  of  cast-iron,  chilled  on  the  periphery.  It  is  not  merely  that 
these  wheels  are  cheap,  but  they  are  preferred  to  the  wrought- 
iron  wheels  as  used  on  English  railways.  I  am  not  now  speak- 
ing of  the  engine-driving  wheels,  but  of  the  carriage  and  wao-o-on 
wheels,  of  from  2  ft.  6  in.  to  3  ft.  in  diameter,  although  the  size 
is  very  seldom  greater  than  2  ft.  9  in.  The  cast-iron  wheels 
run  until  they  are  worn  out,  and  they  wear  for  a  long  time  ; 
whereas  the  wrought-iron  wheels  require  frequent  turning,  and, 
still  worse,  their  flanges  soon  become  worn  so  thin  as  to  become 
unsafe,  a  fact  due,  perhaps,  to  the  inferior  condition  of  the 
American  lines.  It  was,  however,  a  long  time  before  the  Ame- 
rican founders  could  produce  chilled  wheels  which  should  be 
safe  under  all  circumstances  ;  and  when  it  is  remembered  that 
they  are  now  employed  as  the  leading  wheels  of  the  heaviest  ex- 
press engines  working  on  lines,  of  which,  what  we  should  call 
the  ballast,  is  sometimes  frozen  as  hard  as  a  rock  for  two  or  three 
months  in  the  year ;  and  in  a  climate  where  the  mercury  is  occa- 
sionally from  10°  to  20°  below  zero,  or  40°  to  50°  of  frost,  and 
when  it  is  added  that  these  wheels  do  not  break  oftener  than 
wrought-iron  wheels  on  the  best  English  lines,  it  must  be  added 
that  they  are  as  safe  as  anything  can  be.     In  this  I  am  speaking 
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from  ray  own  knowledge,  extending  over  a  period  of  ten  years, 
during  the  whole  of  which  time  I  "was  closely  connected  with  the 
leading  American  locomotive  factories  and  lines  of  railway.  The 
founders  had  to  obtain  not  merely  strong  iron,  in  respect  of 
tensile  strength,  but  an  iron  of  considerable  toughness,  and, 
besides,  an  iron  that  would  chill  well.  As  a  rule,  such  iron  is 
only  obtained  by  careful  mixing,  and  it  must  be  sought  by  long 
and  costly  experiment.  I  do  not  doubt  that  iron  for  excellent 
chilled  wheels,  if  they  were  ever  required,  might  be  found  in 
England ;  but  I  would  not  run  the  risk  of  saying  what  mixtures 
would  produce  it,  although  I  should  say  Blaenavon  cold  blast 
and  the  Forest  of  Dean  irons  would  enter  into  such  a  mixture, 
with  a  little  iron  like  that  made  at  Tinsley  Park  for  hardening. 


"  The  next  point  to  be  considered  is  the  treatment  for  making 
castings  malleable.  I  should  have  said  nothing  of  this  were  it 
not  that,  although  exceedingly  simple,  it  is  but  very  little  under- 
stood, for  it  is  a  ve^j  common  notion  that  many  and  curious 
'  chemicals '  are  required,  and  that  there  is  much  mystery  in  the 
process.  .  .  It  is  commonly  said  that  castings  intended  to  be 
malleableised  should  be  from  very  hard,  brittle  iron.  It  is  not 
exactly  because  a  casting  is  brittle  that  it  is  of  the  best  sort  for 
the  malleable  iron  treatment,  but  brittle  castings  contain  less 
carbon  than  those  from  grey  iron,  and  so  the  malleable  process 
does  not  have  to  be  so  long  continued  to  get  rid  of  it.  To  those 
who  are  not  accustomed  to  consider  all  forms  of  iron  and  steel 
as  combinations  merely  of  iron  and  carbon  in  different  propor- 
tions, there  is  something  a  little  paradoxical  in  the  fact,  that  a 
grey  iron  containing  much  carbon  is  tough ;  a  white  iron,  con- 
taining less  carbon,  is  brittle ;  steel,  containing  still  less  carbon, 
is  also  brittle ;  while  wrought-irun,  containing  but  little  carbon, 
is  very  tough.  Even  to  a  chemist  these  facts  are  not  easy  to  be 
explained,  nor  shall  I  examine  them  further  here,  it  being  suffi- 
cient merely  to  have  shown  why  a  white  and  brittle  cast-iron, 
such  as  some  of  the  Ulverston  iron  of  which  clock  bells  are 
made,  is  the  best  for  the  malleable  iron  process,  because  it  con- 
tains less  carbon  than  a  grey  iron.  The  castings  must  be  packed 
perfectly  air-tight  in  layers  of  powdered  ore,  and  shut  up  in  cast- 
iron  boxes,  of  which  the  joints  should  be  luted. 
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"On  the  last  point  named  in  the  earlier  portion  of  this  paper — • 
the  production  of  chilled  castings — there  is  not  very  much  to  be 
said.  It  is  for  the  founder  to  ascertain,  from  his  practice  and 
from  such  experiments  as  he  is  in  the  best  position  to  make, 
which  irons  will  chill  and  which  will  not.  Of  those  that  will 
chill,  it  is  important,  if  the  chilled  casting  have  to  be  put  under 
great  strain,  that  the  chill  be  well  blended  with  the  softer  iron, 
instead  of  there  being  a  distinct  line  of  demarcation.  It  may 
be  that  the  best  application  for  chilled  castings  will  be  that  for 
chilled  shot,  which,  at  far  less  cost,  come  nearest  to  steel.  To 
cast  shot  in  chills,  with  the  best  results,  it  may  be  found  best  to 
subject  the  iron,  just  after  pouring,  to  a  considerable  steam 
pressure.  By  simple  mechanical  arrangements  easily  devised,  a 
pressure  of  100  lb.  of  steam  per  square  inch,  equal  to  a  column 
of  iron  upwards  of  30  feet  high,  could  be  turned  instantly  upon 
a  casting  just  poured  into  a  chill  mould.  The  effect  would  be  to 
secure  greater  density  and  uniformity  in  the  casting,  and  to  render 
it  stronger  for  its  purpose.  It  is  well  known  that  'head,'  or  a 
high  rising  column  of  metal  over  the  mould,  is  an  important 
matter  in  making  strong  castings,  and  that,  in  some  cases,  as  in 
casting  sugar-mill  rolls,  this  head  or  '  gate '  of  metal  is  well 
churned  by  manual  labour.  There  can  be  no  doubt  that  steam 
pressure  would  answer  the  purpose  still  better,  nor  that  the  best 
mode  of  applying  this  pressure  might  be  easily  determined. 

"  The  very  cheapest  applications  of  iron  are  in  its  condition 
of  cast-iron.  For  some  purposes,  as  for  heavy  ordnance,  it  is 
questionable  whether  cast-iron  is  not  really  equal  to  wrought-iron 
and  steel.  It  is  certain  that  comparatively  little  has  been  done 
in  this  country  to  improve  the  strength  of  large  castings,  and 
that,  in  some  cases,  wrought-iron  has  been  adopted,  without  suffi- 
cient attempts  to  meet  the  requirement  with  a  much  cheaper  and 
more  adaptable  material.  It  cannot  be  argued  that,  in  arched 
bridges,  like  some  of  those  now  erected  and  in  course  of  erection 
over  the  Thames,  wrought-iron  is  equal  to  cast-iron  in  its  resist- 
ance to  compression.  It  is  probable  that  absolutely  better  and 
cheaper  structures  could  be  put  up  in  cast-iron.  It  is  to  be  hoped 
that  the  careless  practices  which  formerly  prevailed  of  casting 
large  pieces  on  the  foundry  floor,  and  of  paying  little  attention  to 
uniform  cooling,  have  not  permanently  deprived  us  of  one   of 
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the  best  applications  of  one  of  the  most  important  materials  of 
construction." 

90.  Boiled  Iron. — From  an  article  on  this  subject  in  the  "Me- 
chanics' Magazine,"  Oct.  20th,  1865,  we  take  the  following: — 
"  Among  the  numerous  improved  processes  which  have  of  late 
years  been  introduced  in  the  manufacture  of  iron,  few  are  more 
interesting  or  important  than  that  of  '  boiling '  the  metal.     To 
this  system,  which  has  been  somewhat  recently  introduced,  the 
ordinary  process  of  decarbonisation  in  the  refinery  and  the  pud- 
dling furnace  appears  to  be  fast  yielding.     Pig  iron  produced  in 
the  smelting  furnace  by  coke  or  coal  is  converted  into  malleable 
iron  either  by  decarburisation  in  the  refinery  or  oxidising  hearth, 
and  subsequent  puddling ;  or  it  is  converted  at  once  in  the  pud- 
dling furnace  by  the  process  of  boiling,  which  is  equally  effective 
and  is  now  more  generally  practised.      Shortly  after  the  employ- 
ment of  the  puddling  process,  it  was  found  that  considerable  ad- 
vantage was  gained  by  mixing  some  of  the  crude  iron  with  the 
refined  plate  metal.     By  this  means  a  saving  of  the  expense  of 
refining  upon  the  iron  used  in  the  crude  condition  was  effected. 
Trusting  to  the  decarburising  effects  of  the  puddling  furnace,  it 
was  found  that  if  crude  iron,  containing  a  proportion  of  oxygen 
and  very  little  carbon,  was  used,  the  refining  process  might  be 
entirely  dispensed  with.      This  operation  is  popularly  known  as 
the  '  boiling '  process,  and  it  has  acquired  its  name  from  the  fol- 
lowing circumstances  which  are  attendant  upon  its  working.     As, 
in  this  single  process,  all  the  carbon  has  to  be  got  rid  of  in  the 
puddling  furnace,  a  violent  evolution  of  gas  ensues,  so  that,  during 
the  period  of  its  disengagement,  the  fluid  iron  boils  and  bubbles 
most  energetically,  and  thus  furnishes  an  appropriate  name  tor 
the  system.     When  melted  in  this  operation  the  pig  iron  is  more 
fluid  by  reason  of  its  containing  a  greater  proportion  of  carbon 
than  the  metal  from  the  refinery.      A  greater  amount  of  labour, 
too,  is  required  in  stirring  it  about  and  submitting  it  to  the  action 
of  the  current  of  air.     There  is  likewise  a  greater  waste  of  iron 
attached  to  this  process  than  occurs  in  puddling  either  plate,  or 
crude  iron  and  plate  mixed.     The  loss,  however,  is  less  than  in 
the  two  operations  of  refining  and  puddling.    Another  unpalatable 
fact  which  results  from  the  boiling  process  is  that  the  superior 
fluidity  of  the  iron  has  a  more  injurious  action  on  the  furnace. 
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But,  in  spite  of  these  objections,  the  plan  of  boiling  without  the 
intermediate  refining  process  is  gradually  gaining  ground,  and  for 
the  last  ten  years  there  has  been  a  general  tendency  to  adopt  this 
decidedly  superior  method ;  in  fact,  in  several  places  the  use  of 
the  refinery  has  been  superseded  by  boiling.  Taking  this  in  con- 
junction with  other  collateral  circumstances,  it  may  fairly  be  in- 
ferred that  the  time  is  not  far  distant  when  the  refining  process 
will  be  universally  abandoned. 

"  Mr.  Fairbairn  tells  us  that  in  the  boiling  process,  as  carried 
on  at  the  works  of  Messrs.  Rush  ton  and  Eckersley,  at  Bolton,  a 
small  proportion  of  Cumberland  hematite  ore  or  peroxide  of  iron 
is  mixed  with  the  pig  iron  to  be  converted.  It  is  found  to  assist 
in  the  process  of  boiling  by  supplying  oxygen  in  the  molten  mass, 
and  in  other  respects  facilitating  the  process,  increasing  the  yield, 
and  improving  the  quality  of  the  metal.  As  regards  the  first 
introduction  of  the  boiling  process  in  the  iron  manufacture,  it 
appears  that  the  credit  of  it  is  due  to  Mr.  Hall,  of  the  firm  of 
Barrows  and  Hall,  of  the  Bloomfield  Ironworks,  Tipton.  Mr. 
Hall  instituted  a  long-continued  series  of  experiments  in  remelt- 
ing  and  extracting  from  the  scrap  and  slag  of  puddling  furnaces 
a  quantity  of  ductile  iron.  According  to  that  gentleman  these 
experiments  led  to  the  introduction  of  pig  iron  and  the  boiling 
system  in  the  puddling  furnace.  This  is  said  to  have  taken  place 
more  that  thirty  years  ago,  so  that  we  may  consider  Mr,  Hall  as 
the  first  to  introduce  the  system  of  boiling,  which  ultimately  dis- 
pensed with  the  refinery,  and  established  the  more  expeditious 
process  of  puddling  direct  from  the  pig.  Considerable  attention 
has  been  given  to  the  decarburisation  of  the  crude  iron,  and  many 
unsuccessful  attempts  have  been  made  to  secure  a  more  scientific 
and  perfect  process.  The  nearest  approach  to  perfection,  however, 
appears  to  exist  in  an  improvement  patented  by  Mr.  James 
Kasmyth  in  1854.  This  patent  has  been  worked  for  some  years 
at  the  Bolton  Ironworks,  where  its  constant  employment  in  the 
puddling  furnaces  has  afforded  proof  of  its  utility.  As  its  ad- 
vantages become  known  its  adoption  increases,  and  it  is  gradually 
extending  itself  among  the  large  manufacturers.  The  principle 
of  the  invention  consists  in  the  introduction  of  a  small  quantity 
of  low  pressure  steam  into  the  molten  metal  as  soon  as  it  is  fused ; 
5  lb.  steam  is  generally  used.     As  at  that  high  temperature  the 
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oxygen  of  the  steam  has  a  greater  affinity  for  carbon  than  for  the 
hydrogen  with  which  it  is  combined,  or  for  the  iron,  the  carbon 
is  rapidly  oxidised  off.  The  hydrogen  which  is  liberated  has  no 
affinity  for  the  iron,  but  unites  with  sulphur,  phosphorus,  arsenic, 
and  other  substances  which  are  very  prejudicial  to  the  quality  of 
the  iron.  However  minute  may  be  the  quantities  in  which  they 
are  present  this  is  always  the  case,  and  they  are  frequently  found 
both  in  the  ores  and  in  the  fuel.  Besides  the  chemical  part  the 
steam  plays  with  respect  to  the  iron,  it  also  has  a  mechanical  ac- 
tion on  it.  It  is  introduced  at  the  bottom  of  the  furnace,  and 
being  thence  diffused  upwards  it  violently  agitates  the  iron, 
thereby  causing  fresh  surfaces  to  become  exposed  to  the  oxygen 
passing  through  the  furnace. 

"  In  carrying  Mr.  Nasmyth's  plan  into  operation,  steam  is  con- 
veyed from  the  boiler  to  a  vertical  pipe  fixed  near  the  furnace 
door.  At  the  lower  end  of  this  pipe  is  a  small  tap  or  syphon 
to  let  off  the  condensed  steam  and  prevent  its  being  blown  into 
the  furnace.  To  the  flange  of  the  vertical  pipe  are  fastened  a 
cock  with  several  jointed  pieces  of  pipe,  forming  in  effect  jointed 
bracket  pipes,  which  allow  of  free  motion  in  every  direction  ;  the 
steam  tube  or  '  rabble '  being  bent  at  the  end  so  as  to  inject  the 
steam  on  the  liquid  metaL  As  soon  as  the  iron  in  the  furnace 
is  melted,  the  puddler  introduces  this  apparatus,  which  he  moves 
slowly  about  in  the  molten  iron,  while  the  steam  pours  upon  it 
through  the  bent  end  of  the  tube.  In  about  five  or  eight  minutes 
the  mass  begins  to  thicken,  when  the  puddler  withdraws  the  steam- 
pipe,  and  the  operation  is  finished  in  the  usual  way  with  the 
common  iron  rabble.  It  is  found  upon  an  average  that  from  ten 
to  fifteen  minutes  are  saved  by  this  process  in  every  operation  or 
*  heat,'  and  that  during  the  hottest  and  most  laborious  part  of 
the  operation.  By  the  adoption  of  this  simple  apparatus  the 
highly  carburised  pig  iron,  which  is  the  most  free  from  impurities, 
is  rendered  malleable  in  one  furnace  operation,  without  the  de- 
teriorating adjuncts  of  the  ordinary  refining  and  puddling  process. 
In  this  arrangement  no  deleterious  substance  can  enter  into  com- 
bination with  the  iron,  whilst  the  mixture  of  fuel  and  metal,  as  in 
the  refinery  process,  is  liable  to  deteriorate  the  metal  with  sulphur, 
silicum,  &c.  In  short,  the  new  process  has  a  beneficial  effect  in 
purifying  the  iron  with  greater  economy  than  any  known  process.' 
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91.  Mechanical  Puddling  of  Iron. — "Nothing,"  says  the 
Practical  Mechanic's  Journal,  "  almost  can  be  cruder  or  simpler 
in  its  theory  and  first  aspect  than  the  operation  of  puddling,  by 
which  iron,  in  the  state  of  pig  or  cast  iron,  is  converted  into 
malleable  or  bar  iron;  and  yet  for  half  a  century  the  operation 
has  stood  still  in  the  position  in  which  Cort,  its  reputed  invent- 
or, left  it,  although  from  year  to  year  the  laborious  and  unsatis- 
factory nature  of  the  hand-wrought  process  by  which  it  is  con- 
ducted has  been  admitted  and  lamented,  and  attempts  to  improve 
it  by  getting  rid  of  manual  labour,  or  by  the  substitution  of  some 
altogether  new  process,  have  successively  ended  only  in  readmit- 
ting the  difficulties  of  improvement. 

"  The  fundamental  idea  of  puddling  was  neither  more  nor  less 
than  burning  out  a  large  proportion  of  the  carbon,  and  of  some 
of  the  other  extraneous  metalloids  or  metals  contained  in  the  pig 
iron ;  and  for  many  years  the  refinery  process — which  consisted 
in  fusing  the  pig  iron  in  a  sort  of  shallow  cupola,  with  an  enor- 
mous excess  of  air  blast,  and  running  out  the  refinery  pig  into 
thick  cast  iron  ingot  moulds,  so  as  to  '  chill  it,'  or  into  water — 
was  deemed  indispensable  as  a  preliminary  to  puddling.  This 
severe  comburation  was,  however,  within  the  last  thirty  years, 
found  needless  in  most  instances,  and  that  by  a  proper  choice  of 
the  quality  of  the  pig  iron — or  in  large  works  by  a  suitable  mode 
of  working  the  blast  furnace,  so  as  to  obtain  a  good  hard  gray 
or  mottled  pig  iron  exclusively — it  might  be  dispensed  with. 
But  here  the  progress  of  improvement  ended. 

*'  The  puddling  furnace  itself,  if  we  except  Roger's  invention 
of  the  cast-iron  sole,  and  the  method  of  repairing  the  interior  of 
the  brickwork  with  a  paste  of  hmmatite  iron  ore  mixed  with  fire- 
clay, and  a  few  alterations  in  proportions,  size,  &c.,  has  remained 
just  as  it  was  in  Cort's  day,  and  the  method  of  manipulation 
the  same  also. 

"  Crude  and  obvious  as  its  theory  at  first  sight  seems — the 
fact  is,  that  puddling  is  an  extremely  curious  and  not  so  easily 
discerned  combination  of  chemical  and  mechanical  forces,  or  ra- 
ther methods ;  and  in  the  very  union  of  these  lies  the  difficulty 
of  improvement,  or  of  any  substitution  of  power  for  the  skilled 
hand  and  eye  of  the  puddler. 

"  So  far  as  the  chemical  part  of  the  process  of  converting  cast 
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into  "wrought  iron,  the  operation  of  the  refinery  was  identical  with 
that  of  the  puddling  furnace.  Carbon,  silicon,  and  perhaps  phos- 
phorus, were  burnt  out,  and  with  them  some  of  the  metals  of 
earthy  bases  oxidized  and  burnt  out  also,  as  the  following  analy- 
ses indicate : — 

Iron  from  Same  Iron  from 

Blast  Furnace.  Refinery  Furnace. 

Iron, 95-26         98-33 

Carbon, 2-63 0-87 

Silicon, 1-38         0-.53 

Aluminum,  0-73         0-26 

Phosphorus, trace trace. 

Sulphur, trace trace. 

"  Analyses  of  the  slags,  or  '  tap  cinder,'  many  of  which  are 
quoted  in  books  of  iron  metallurgy,  really  tell  for  nothing — a 
large  proportion  of  their  constituents  being  derived  from  the  fu- 
sion of  the  internal  surface  of  the  walls  of  the  furnace. 

"  This  is  proved  by  the  results  of  weighings  at  Dowlais,  given 
by  Mr.  Truran  in  his  work  on  iron.     Thus — 

Crude  iron  put  into  furnace, 2,498  lbs. 

Produced  /l^efinery  pig,  2,240 

l-roducea  ^Qinder, 325 

2,567  lbs. 

Excess  in  weight  =  69  lbs, 

Now  as  the  oxygen  fixed  by  the  oxidation  of  the  iron,  silicon, 
and  aluminum,  is  about  balanced  by  the  loss  of  carbon  volatilized 
as  carbonic  oxide  and  acid,  it  follows  that  most  of  this  excess  is 
due  to  earthy  matter  fused  off  the  furnace,  and  hence  that  cin- 
der analyses  prove  nothing.  This  is  equally  true  for  the  pud- 
dling furnace  as  for  the  refinery. 

"  Calvert  and  Johnson's  researches  on  the  progressive  chemical 
changes  produced  in  puddling,  show  that  these  are  quite  analo- 
gous to  those  which  occurred  in  the  refinery.  Thus,  when  No.  3 
grey  Staffordshire  pig  iron  was  the  subject  of  experiment,  and  the 
iron  in  progress  of  change  was  taken  at  successive  intervals  of 
time  from  the  puddling  furnace  and  analysed,  results  such  as  the 
following  were  obtained : — 

Pip  Iron  eniplojed.  Tine  Amount  of  Amount  of 

No.  of  Sample  '  Carbon  per.  cent.   Silicon  percent 

Iron  as  put  into  furnace, 12  noon     ...       2275       ...       2720 

Sample  No.  1, 1240         ...       2726       ...       0-915 
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Sample  No.  2,  I'O 


3, 

4, 
5, 
6, 

7, 


Puddled  bar, 

Rod  iron  rolled  from  it, 


1-0 

...       2-905 

1-5 

...       2-444 

]-20 

..       2-305 

1-35 

..       1-647 

1-40 

..       1-206 

1-45 

..       0-963 

1-50 

..       0-772 

— 

..       0-296 

— 

..       0-111 

•197 
•194 
-181 

•183 
•163 
•163 
-163 
-120 
-088 


So  that  the  carbon  is  slightly  increased  at  first,  and  then  both -it 
and  the  silicon  steadily  burn  out,  and,  as  is  apparent  by  the  last 
two  lines,  much  of  these  continues  to  burn  and  work  out  during 
the  *  shingling '  of  the  puddle  balls,  and  the  subsequent  rolling 
of  the  puddle  bars  into  rod  iron.  The  final  results  are  shown  as 
follows  : — 

No.  3.  Pig  Iron.  Puddle  Bar.  Rolled  Rod, 

Carbon 2275       0-296  0^111 

Silicon, 2-720       0^120  0^088 

Phosphorus, 0-645       0*134  0-117 

Sulphur, 0-301       0-139  0-094 

These  were  in  some  degree  confirmed  by  the  composition  of  the 
slag  from  the  furnace. 

"  Thus,  chemically,  the  refinery,  the  puddling  furnace,  and  the 
Bessemer  converting  vessel,  all  perform  the  same  parts  ;  but  pud- 
dling has  this  peculiarity  added  to  it — that  a  certain  proportion 
of  the  fusible  slag,  the  silicate  of  oxide  of  iron  formed  in  the  pro- 
cess, is  kneaded  up  with  the  pasty  and  finally  crumbled  mass  of 
puddled  iron,  and  plays  a  highly  important,  though  probably  not 
fully  understood  part,  in  determining  the  molecular  arrangement 
of  the  wrought  iron,  when  the  puddled  bar  is  submitted  to  the 
roller. 

"  This  kneading  up  of  wrought  iron  and  silicate,  then,  consti- 
tutes the  mechanical  element  of  the  puddling  process,  and  ap- 
pears to  be  absolutely  essential  to  the  result — essential,  at  least, 
so  long  as  wrought  iron  in  rolled  or  forged  form  shall  be  consi- 
dered a  necessary  structural  material,  or  until  steel  produced  by 
the  Bessemer  process  shall  have  taken  its  place.  The  chemical 
part  of  the  process  is  one — the  progress  of  which  requires  to  be 
stopped  at  a  given  moment — known  to  the  educated  eye  of  the 
puddler  by  shutting  down  the  damper,  so  as  to  convert  the  oxy- 
dating  flame  of  the  furnace  into  a  neutral  one.     But  at  this  mo- 
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ment  the  kneading  up  of  the  silicate  must  be  complete,  so  that 
the  metal  may  be  speedily  withdrawn,  or  new  and  mischievous 
chemical  changes  commence ;  hence  arises  the  delicacy  of  the 
puddling  process,  when  stated  as  briefly  as  possible. 

"  By  the  Bessemer  process  it  is  at  least  doubtful  whether  re- 
gularly fibrous  metal  can  be  produced  under  the  roller — that  is 
to  say,  whether  the  crystals  of  the  metal  can  be  induced  to  elon- 
gate in  the  direction  of  least  pressure,  arising  from  the  fact  that 
the  absence  of  intercalated  slag  greatly  reduces  the  difference  (in 
internal  pressure  in  the  orthogonal  directions)  of  greatest  and 
least  pressure  within  the  *  billet,'  or  mass  between  the  rolls.  Ho- 
mogeneous metal — which  is,  in  fact,  but  an  iron  very  pure  from 
slag,  and  with  its  carbon  combined  in  the  state  of  a  '  low  steel ' 
or  good  steel,  are  the  only  products  of  the  Bessemer  crucible,  and 
for  almost  all  structural  use,  such  products  will  before  very  long 
come  to  be  substitutes  of  wrought  iron.  But  great  as  is  the  in- 
crease of  ultimate  tenacity,  steel,  as  compared  with  wrought  iron, 
and  valuable  as  i'j  must  become,  there  will  ever  remain  a 
number  of  structural  purposes  for  which  wrought  iron,  with  its 
softness,  ductility,  and  high  extensibility,  must  continue  to  be 
required,  and  for  the  production  of  which  the  puddUng  furnace 
must  continue  in  use.  Puddling,  hence,  cannot  be  viewed  as  an 
expiring  art ;  and  for  this  reason,  as  well  as  from  the  vast  amount 
of  public  attention  that  has  been  recently  drawn  to  it  by  reason 
of  the  long  and  embittered  disputes  between  the  working  pud- 
dlers  and  the  iron  masters  in  this  country,  we  have  thought  it 
advisable  to  translate  at  length  two  very  able  papers  on  the  sub- 
ject of  mechanical  puddling  as  practised  in  France,  which  have 
appeared  in  the  Annales  des  Mines  yery  lately,  and  to  place  them 
in  a  form  available  to  English  readers,  accompanied  by  the  more 
important  of  their  illustrati(ms." 

The  article  here  alluded  to  is  unfortunately  far  too  long  for 
even  an  abstract  of  it  to  be  here  given ;  we  therefore  refer  the 
reader  to  the  number  of  the  Practical  Mechanic's  Journal,  in 
which  it  appears  under  date  September  1st,  1865. 

92.  Machine  Puddling. — On  tlie  same  subject  referred  to  in 
last  paragraph,  we  take  the  following  from  an  article  in  the  "En- 
gineer," under  date  Sept.  15th,  1865.  "  The  earlier  stages  at  least 
of  the  process  of  puddling  a  charge  of  iron  involve  operations  so 
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simple  that  it  is  a  matter  for  some  surprise  that  they  have  not 
long  since  been  carried  out  by  machinery.  The  constant  stirring 
of  a  little  pond  of  molten  iron  is  the  thing  to  be  done,  and  a  com- 
mon bar  of  iron  with  one  end  bent  down  at  right  angles  is  the 
thing  to  do  it  with.  The  necessary  motions  are  in  no  way  com- 
plex, and  so  far  very  simple  machinery  should  suffice  for  the 
operation.  The  history  of  attempts  at  machine  puddling  runs 
back  nearly  a  quarter  of  a  century.  But  it  is  only  within  the 
last  year  or  two  that  the  practical  adoption  of  puddling  machinery 
has  been  attended  with  success.  It  is  beyond  question  that  the 
problem  presented  to  the  mechanician  was  formerly  invested 
with  difficulties  which  modern  experience  proves  to  have  been 
more  or  less  imaginary.  Too  much  was  attempted,  and  of  course 
little  or  nothing  done.  The  paramount  idea  was  that  the  labour 
of  the  puddler  should  be  wholly  superseded,  and  the  entire  pro- 
cess, blooming  and  all,  effected  solely  by  the  aid  of  steam  power. 
In  this  lay  a  great  error.  There  are  many  processes  in  the  arts 
which  cannot  be  effected  without  the  very  effectual  interference 
of  the  human  arm  guided  by  intelligence,  and  puddling  is  pre- 
eminently one  of  these.  The  only  available  course  to  adopt  is 
to  permit  the  machine  to  perform  the  major  part  of  the  hard 
work,  leaving  the  completion  of  the  process  to  the  man.  Me- 
chanism constructed  according  to  this  principle  has  now  been  at 
work  for  some  time  with  excellent  results,  and  the  universal 
adoption  of  machine  puddling  is  not  we  think  very  distant.  Mr. 
Menelaus,  of  the  Dowlais  Ironworks,  has  for  some  months  past 
been  carrying  out  a  series  of  experiments  on  a  very  extended 
scale,  neither  the  details  of  which,  nor  the  results,  have  as  yet 
been  given  to  the  world  in  full.  We  understand,  however,  that 
so  far,  the  latter  have  been  very  encouraging.  The  system  adopt- 
ed at  Dowlais  is  we  believe  that  known  as  Walker's,  in  which 
the  iron  is  exposed  to  the  action  of  the  flame  by  the  rotation  and 
oscillation  of  the  vessel  containing  the  molten  metal,  which  takes 
the  place  of  the  ordinary  hearth.  At  the  Wombridge  Ironworks, 
Salop,  Mr.  Bennett,  the  manager,  has  introduced  a  system  of  his 
own  invention  which  we  recently  illustrated.  Mr.  Bennett  read 
a  somewhat  elaborate  paper  on  this  machine,  and  the  results  ob- 
tained from  its  use,  a  few  months  since  before  the  Institution  of 
Mechanical  Engineers ;  from  which  we  learn  sufficient,  even  after 
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making  every  allowance  for  the  fact  that  the  author  is  also  an 
inventor,  to  lead  us  to  believe  that  he  has  really  achieved  a  very 
considerable  success.     The  principle  on  which  the  machine  is 
constructed  is  very  simple.     The  ordinary  rabble  is  worked  back- 
wards and  forwards  by  a  vertical  arm  outsidis  the  furnace,  to 
which  it  is  connected  by  a  notch  or  gab  in  the  handle,  dropped 
loosely  on  a  pin  in  the  lower  extremity  of  the  arm.     The  arm  is 
cottared  at  the  upper  end  into  a  horizontal  square  slide  bar,  mov- 
ing longitudinally  through  suitable  sockets,  and  is  put  in  motion 
by  a  connecting-rod  from  a  long  T-iron  bar,  supported  on  rollers, 
and  extending  over  the  entire  row  of  furnaces.     A  crank,  driven 
by  a  worm-wheel,  is  so  arranged  that  a  transverse  as  well  as  a 
longitudinal  motion  is  given  to  the  rabble,  which,  working  at  the 
rate  of  about  fifty  strokes  per  minute,  completely  traverses  nearly 
every  portion  of  the  hearth.     Double  furnaces,  with  a  rabble  at 
each  side,  have  been  employed  with  considerable  success.     In 
this  case  the  traversing  cranks,  which  make  but  one  revolution 
for  every  seventy  st-:okes  of  the  tool,  are  set  at  right  angles,  so 
that  the  two  rabbles  are  always  working  in  different  parts  of  the 
furnace.     The  entire  apparatus  is  kept  clear  above  the  furnace, 
is  well  protected  from  the  heat,  and  out  of  the  way  of  the  men. 
Mr.  Bennett  thus  describes  the  method  of  working  the  machine : 
— *  When  the  charge  of  pig  iron  is  melted,  and  ready  for  the 
commencement  of  the  process  of  puddling,  the  apparatus  is  put 
into  action  by  dropping  the  notch  in  the  handle  of  the  rabble  on 
to  the  pin  in  the  working  arm,  which  is  kept  continuously  in 
motion    by    the    horizontal    reciprocating    bar    working    over- 
head.    The  puddler  changes  his  tool  from  time  to  time  as  it 
becomes  heated  by  simply  lifting  the  notch  in  the  handle  off  the 
pin  in  the  working  arm,  and  replacing  the  tool  with  a  fresh  one 
without  stopping   the  machine  j   and  when  the  iron  begins  to 
thicken,  he  takes  the  opportunity  of  each  change  of  tool  to  make 
a  few  strokes  by  hand,  in  order  to  collect  the  metal  from  the  ex- 
treme sides  of  the  furnace  into  the  centre,  which  is  found  to  en- 
sure the  uniform  puddling  of  the  whole  charge.     The  usual  time 
of  working  with  the  machine  is  about  twenty-five  minutes  with 
ordinary  forge  pig,  the  tool  being  changed  five  or  six  times;  but 
with  grey  iron  the  time  of  working  is  much  prolonged.     In  the 
latter  case  the  machine  is  especially  serviceable,  since  the  iron 
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keeps  in  a  fluid  state  mucli  longer,  and  requires  consequently 
so  much  more  working,  which  causes  the  labour  to  be  so  much 
more  severe  in  the  case  of  hand  puddling  that  there  is  great  dif- 
ficulty in  getting  the  men  to  work  any  iron  that  is  very  grey. 
With  the  machine,  however,  this  causes  no  increase  of  labour  to 
the  men,  and  only  increases  the  duration  of  the  process.'  So 
much  for  the  mode  of  working,  now  for  results.  These  we  may 
best  express  in  Mr.  Bennett's  own  words: — 'With  the  single  fur- 
naces at  the  Wombridge  Works,  and  charges  of  5  cwt.,  the  con- 
sumption of  coal  is  28  cwt.  per  ton  of  puddled  bar  made;  but 
with  the  double  furnace,  and  charges  of  10  cwt.,  the  consump- 
tion of  coal  is  only  17  cwt.,  being  a  reduction  of  39  per  cent. 
The  number  of  heats  or  charges  worked  in  the  single  furnace  is  six, 
of  5  cwt.  each;  and  in  the  double  furnace,  five  heats  of  10  cwt. 
each  per  turn  of  nine  or  ten  hours.  In  working  the  double  fur- 
nace it  is  found  best  to  have  one  puddler  only  and  two  under- 
hands,  to  avoid  the  division  of  responsibility  that  would  arise  in 
the  case  of  two  puddlers  working  the  same  charge  of  iron.' 
These  facts  speak  for  themselves,  and  although  a  vigorous  dis- 
cussion followed  the  paper  we  find  that  no  arguments  were  ad- 
duced which  materially  affected  the  position  assumed  by  Mr. 
Bennett.  We  have  no  desire  to  speak  of  his  machine  with  un- 
due preference — we  have  selected  it  as  an  example  of  what  may 
be  done,  not  because  we  believe  it  to  possess  any  peculiar  merits, 
but  simply  because  it  is  the  only  apparatus  of  the  kind,  of  the 
working  of  which  any  very  definite  information  has  been  made 
public.  The  principles  involved  in  its  construction  appear  to  be 
founded  on  common  sense,  and  with  this  statement  our  praise  of 
the  machine  must  begin  and  end.  But  there  are  other  labourers 
in  the  field  as  well  as  Mr.  Bennett,  and  we  see  good  reason  to  be- 
lieve that  the  day  is  not  distant  when  the  ironmasters  of  England 
will  be  placed  in  a  position  superior  to  any  which  they  have  held 
for  years,  while  the  men  will  feel  that  in  their  emancipation  from 
a  fearful  toil  they  have  advanced  by  a  mighty  stride  fiom  the 
condition  of  well-paid  labourers  to  that  of  still  better  paid  skilled 
artisans." 

93.  Titanifcrous  Iron. — "  On  the  24th  of  last  month  some  ac- 
count was  given  in  this  journal  of  the  results  of  some  experiments 
made  by  Messrs.  D.  Hipkins  and  Sons,  of  West  Broomwich,  with 
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some  iron,  smelted  by  Mr.  Charles  Martin's  patented  process,  from 
the  titaniferous  iron-sand  of  New  Zealand.  Other  firms  have  since 
been  experimenting  with  specimens  of  this  iron,  with  results  quite  as 
satisfactory  as  those  previously  obtained  by  the  Messrs.  Hipkins. 
To  the  account  of  the  properties  of  this  almost  unprecedentedly  fine 
quality  of  iron  which  we  gave  three  weeks  ago,  we  may  now  add 
that  a  '  heat '  of  it  can  be  puddled  in  sixty  minutes,  which  is  just 
half  the  time  per  heat  which  the  process  of  puddling  usually  occu- 
pies, and  that  the  loss  of  iron  in  the  process  is  only  one-fourth  of 
the  usual  proportion  of  loss.  Moreover,  this  titaniferous  iron  has 
the  remarkable  property  of  completely  resisting  the  action  of  hy- 
drochloric acid.  The  peculiar  qualities  which  give  it  its  great 
value  are  doubtless  due,  in  part,  to  its  entire  freedom  from  both 
sulphur  and  phosphorus,  and  not  exclusively  to  the  titanium 
which  it  contains.  Still,  it  seems  to  be  pretty  well  ascertained 
that  a  small  quantity  of  titanium  very  greatly  improves  the  qua- 
lity of  both  iron  and  steel,  and  hence  considerable  attention  is 
beginning  to  be  dir^icted  towards  the  titaniferous  iron  ore,  or 
'  ilmenite,'  which  exists  in  such  vast  quantities  in  Sweden,  ]N^or- 
way,  and  Eussia,  and  also  in  Canada  and  elsewhere,  and  which, 
while  it  can  be  had  in  this  country  much  more  cheaply  than  the 
New  Zealand  iron-sand,  which  contains  only  from  9  to  13  per 
cent,  of  oxide  of  titanium,  contains  not  less  than  40  per  cent,  of 
that  oxide.  As  yet,  there  are  many  difficulties  in  the  way  ot 
smelting,  on  the  great  scale,  ores  of  iron  containing  so  much  ti- 
tanium as  the  European  titaniferous  ores  contain,  but  these  diffi- 
culties will  doubtless  yield  to  sufficiently  persevering  efforts  to 
overcome  them.  It  is  not  proposed  to  endeavour  to  smelt  these 
ores  by  themselves;  all  that  is  contemplated  is  the  admixture  of 
them,  in  small  proportions,  with  our  ordinary  English  ores.  The 
conditions,  however,  under  which  such  a  mixture  can  be  satisfac- 
torily smelted,  have  yet,  for  the  most  part,  to  be  ascertained.'" — 
Mechanics'  Magazine,  Dec.  15///,  1865. 

94.  Exceedingly  Hard  Iron. — "Some  years  ago  M.  Gaudin 
found  that  by  heating  iron,  tolerably  free  from  carbon,  with  a 
small  quantity  of  boron,  to  a  very  high  temperature,  he  obtained 
a  product  which  could  not  be  forged,  but  which  possesses  extra- 
ordinary hardness.  He  has  now  found  that  an  equally  hanl 
metal  may  be  obtained  by  adding  to  ordinary  cast-iron  in  fusion. 


Railways.]        BEST  MODE  OF  APPLYING  POWER.  333 

phosphate  of  iron  and  peroxide  of  manganese — he  does  not  men- 
tion in  what  proportions.  The  product  cannot  he  forged,  but  it 
casts  easily,  and  is  therefore  readily  applicable  to  the  construction 
of  such  machines,  or  parts  of  machines,  as  require  in  their  mate- 
rial extreme  hardness  rather  than  tenacity.  The  metal  so  pro- 
duced is,  moreover,  singularly  sonorous,  and  M.  Gaudin  accord- 
ingly proposes  it  as  a  material  for  bells.  He  finds  that  a  still 
harder  metal  is  producible  by  the  addition  of  tungstein — again 
he  omits  to  say  in  what  amount — to  ordinary  cast-iron.  He 
states  that  this  tungstein  iron  surpasses  everything  previously 
known  as  a  material  for  tools  for  cutting  rocks,  and  that  crystals 
of  it  will  cut  glass  as  readily  as  the  diamond." — Mechanics'  Ma- 
gazine, Dec.  22d,  1865. 


DIVISION  EIGHTH. 

RAILWAYS. 

95.  Of  the  various  papers  of  the  year  issued  in  connection 
with  the  present  division,  the  most  important,  certainly  that  which 
contains  the  most  novel,  if  not  the  most  practical  proposition,  is 
that  read  by  Mr.  Peter  Barlow,  F.E.S.,  before  the  Society  of  Arts, 
on  the  ^'Best  mode  of  applying  power  to  propel  trains  on  the  Me- 
tropolitan and  other  railway  lines,  having  frequent  stations  in  ter- 
minal stations''  Of  this  paper  we  can  only  find  space  for  an 
abstract.  After  referring  to  the  circumstances  which  prompted 
him  to  pay  attention  to  the  subject,  and  showing  the  loss  in- 
curred in  the  use  of  locomotive  power  where  the  distances  be- 
tween the  stations  are  short,  and  these  stations  numerous,  from 
the  fact  that  "  all  or  nearly  all  the  work  of  the  engine  is  ex- 
pended in  acquiring  the  travelling  speed,  and  that  in  fact  it  has 
not  ceased  to  accelerate  its  speed  when  it  becomes  necessary  to 
shut  off  the  steam  and  apply  the  brakes  so  as  to  stop  at  the  next 
station,"  the  author  proceeds  to  show  the  advantages  arising  from 
the  use  of  stationary  engine  power.  "  In  terminal  stations  the 
use  of  stationary  power  will  add  much  to  the  simplicity  of  work- 
ing.    At  present,  as  the  locomotive  arrives  in  front  of  the  train, 
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it  is  made  prisoner  until  the  train  is  removed.  It  has  thus  to 
go  to  another  part  of  the  station  to  be  turned  on  to  take  in  coke 
and  water,  and  then  comes  back  again  to  the  train  it  has  to  take 
out.  Those  frequent  operations  not  only  wear  out  the  road  and 
points  and  crossings  very  rapidly,  but  cause  constant  stoppages 
to  trains  arriving  to  enter  the  station.  To  avoid  a  portion  of 
this  difficulty  the  locomotives  are  sometimes  run  tender  first,  a 
mode  of  working  which  amounts  to  an  admission  of  imperfection, 
and  appears  to  foreshadow  a  change  in  the  present  systems,  par- 
ticularly as  the  more  the  traffic  increases  the  greater  these  imper- 
fections will  be  felt.  Wlien  the  stations  are  near  together  the 
time  required  to  acquire  the  speed  is  so  important  an  element 
that  greater  tractive  power  is  requisite  to  enable  a  reasonable 
average  speed  to  be  maintained ;  and  the  power  of  the  engine  is 
governed  by  the  power  requisite  to  put  the  train  into  motion. 
Thus,  the  actual  power  exerted  to  propel  trains  of  forty  tons, 
every  five  minutes  each  way  on  a  railway  similar  to  the  Metropoli- 
tan, of  three  and  a  half  miles  in  length,  at  the  velocity  now 
adopted,  would  not,  allowing  one-third  lost  power,  and  15  lb. 
per  ton  traction,  exceed  214  horses,  to  obtain  which  at  least  ten 
locomotives,  capable  of  exerting,  in  the  aggregate,  a  power  of 
2,200  horses,  are  required,  in  consequence  of  the  combined 
losses  from  the  extra  weight  to  be  conveyed ;  the  power  to  over- 
come the  inertia ;  and,  thirdly,  from  the  engine  being  restricted 
from  making  a  fair  working  speed,  these  losses  being  in  addition 
to  that  of  the  engine  itself  from  friction,  &c. 

"  Seeing  that  it  is  necessary  to  use  such  powerful  engines  to 
passenger  trains  where  the  stoppages  are  frequent,  it  follows  that 
the  weight  of  the  engine  becomes  large  in  proportion  to  the  weight 
of  the  train,  and  therefore,  if  that  weight  can  be  dispensed  with, 
much  less  power  will  suffice  to  give  the  same  amount  of  speed,  or, 
with  the  same  amount  of  power  applied,  a  much  greater  speed 
will  be  obtained.  In  like  manner  if  the  weight  of  the  engine  is 
dispensed  with  the  train  can  be  brought  to  rest  in  less  time  by 
means  of  the  brake  and  coupling ;  this,  with  the  increased  rapidity 
with  which  the  speed  at  starting  can  be  acquired,  it  follows  that 
dispensing  with  the  weight  of  the  engine  would  be  of  very  great 
advantage  in  the  case  of  stopping  trains. 

"  The  mode  of  applying  stationary  power  differs  from    that 
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hitherto  employed,  inasmuch  as  it  is  not  connected  from  station 
to  station,  or  connected  through  several  stations,  like  the  Black- 
wall  system,  but  each  has  a  propelling  power  independent  of  the 
other,  although  the  power  may  be  derived  from  several  stations 
from  one  engine.  It  also  differs  from  the  power  being  used  ac- 
cumulatively, and  thus  a  smaller  power  of  engine  is  required. 

"  I  will  now  observe  that  the  result  of  the  experiments  on  the 
Whitstable  railway,  previously  referred  to,  and  the  examination 
generally  of  the  subject  of  motive  power,  led  me  to  recommend 
the  directors  of  the  South-eastern  railway  to  substitute  locomo- 
tive, and  abandon  the  stationary  engines  on  that  line ;  and  the 
alteration  was  attended  with  satisfactory  results,  not  because 
there  was  any  serious  difficulty  in  the  rope  system,  except  its 
great  weight  and  length,  but  because  one  locomotive  was  made 
to  do  the  work  of  all  the  stationary  engines,  and  a  greater  aver- 
age speed  was  obtained.  One  of  these  ropes  was  one  mile  seventy 
chains  in  length ;  and  on  the  Blackwall  railway  the  rope  was 
above  three  miles  in  length  to  carry  passenger  traffic.  Great  me- 
chanical skill  and  good  workmanship  is  indicated  by  the  fact 
that  such  a  piece  of  machinery  could  be  kept  in  order  for  any 
length  of  time,  because  the  actual  weight  put  in  motion,  and 
inertia  to  be  overcome,  in  addition  to  the  train,  was  much  greater 
than  that  of  a  locomotive,  besides  the  friction  of  500  sheaves. 
These  cases,  however,  prove  that  no  practical  difficulty  or  liability 
to  derangement  is  likely  to  arise  in  the  use  of  a  rope  for  150  or 
200  yards  only,  as  is  now  proposed ;  and  it  may  be  here  remarked 
that  although  ropes  have  been  superseded  by  locomotives  in  many 
cases,  yet  that  still  a  larger  amount  of  traffic  is  carried  on  by 
ropes,  and  in  one  important  instance,  viz.,  Glasgow,  the  locomo- 
tives have  been  again  abandoned  for  the  rope  on  an  incline  of  1 
in  43  for  one  mile  fourteen  chains,  used  for  passenger  traffic. 

"  The  mode  which  first  occurred  to  me  of  applying  the  station- 
ary power  for  the  present  purpose  was,  by  Sir  W.  Armstrong's 
hydraulic  principle,  to  give  motion  to  a  rope,  which  system  has 
the  advantage  that  one  engine  can  be  made  to  do  the  work  of 
several  stations  by  a  water  main  laid  along  the  line.  Another 
form  of  propeller,  very  simple  in  its  action,  but  requiring  an 
engine  at  each  station,  is  the  descent  of  a  weight  raised  by  a  small 
engine  constantly  at  work. 
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"  A  weight  of  forty  tons  raised  30  ft.  every  two  minutes  and 
a  half  would  propel  a  train  of  forty  tons  more  than  one  mile  and 
a  quarter  on  the  level  before  it  came  to  rest ;  and  a  stationary 
engine  of  48-horse  actual  power,  allowing  one-third  loss,  would 
be  sufficient  to  run  forty  ton  trains  every  five  minutes  each  way, 
allowing  for  the  loss  from  friction  and  the  power  required  to 
bring  the  weight  to  a  state  of  rest,  which  latter  loss  would  amount 
to  10  per  cent,  of  the  power.  The  cost  of  working  such  an 
engine,  including  repairs,  would  not  amount  to  £2  10s.  per  day, 
so  that  the  cost  of  train  per  mile  would  be  under  2d.  The  trains 
may  also  be  propelled  on  the  atmospheric  principle,  either  by  the 
old  plan  of  a  pipe,  or  on  Mr.  Rammel's  plan  of  a  small  tunnel ; 
and  as  the  power  is  required  only  for  a  short  distance,  there  will 
not  arise  the  difficulty  from  friction  and  leakage  which  has  hi- 
therto been  experienced  in  these  modes  of  traction. 

"  In  another  form  of  propeller  suggested  which  is  specially 
adapted  to  frequent  trains,  the  accumulation  of  power  is  made 
in  the  boiler.  Driving  wheels  and  cylinders,  similar  to  a  loco- 
motive, are  used  to  propel  a  rope  for  the  required  distance.  The 
total  weight  of  moving  machinery  will  not  in  this  case,  in- 
cluding the  rope,  exceed  four  tons.  A  duplicate  of  every  part, 
including  the  boilers,  would  be  provided,  and  as  there  is  an  inter- 
val of  eight  hours'  rest  in  each  day,  sufficient  to  replace  any  part 
which  might  be  out  of  order,  I  submit  that  such  a  piece  of  ma- 
chinery may  be  considered  nearly  safe  from  derangement.  A 
propeller  of  either  kind,  it  is  suggested,  could  be  used  advan- 
tageously on  railwsys  worked  by  locomotives  for  the  purpose  of 
starting  trains  from  stations  situated  at  the  foot  of  inclines,  where 
now  locomotives,  although  generally  master  of  their  work,  fre- 
quently fail  in  surmounting  the  incline,  thus  leading  to  loss  of 
time  and  danger. 

"  In  conclusion  I  will  observe  that  it  is  difficult  for  the  author 
to  describe  a  new  suggestion  without  a  bias  in  its  favour,  but  I 
have  endeavoured  to  lay  the  comparative  merits  of  stationary  and 
locomotive  power  fairly  before  the  meeting.  The  subject  is  so 
important  in  its  influence  on  the  value  and  extension  of  metro- 
politan railways,  that  I  offer  it  for  discussion  without  venturing 
to  give  a  decided  opinion  of  my  own,  until  I  hear  the  views  of 
those  eminent  engineers  who  have  devoted  their  attention  to  the 
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subject  of  the  motive  power,  which  I  hope  will  be  expressed  on 
this  occasion. 

APPENDIX. 

The  formula  used  in  calculating  the  oscillation  is: — 

2^  p  X  T    T 
^=  "1^240  Sl^^ 

T 

P  being  the  traction  power. 
T  length  of  train  in  pounds. 
S  length  of  the  plane. 
f  friction  of  the  train  per  ton. 

Velocity  given  to  a  train  of  40  lb.  to  4,000  lb.,  falling  600  ft. 
or  8,000  ft.  fully  300  ft.,  the  friction  being  15  lb.,  wiU  be:— 

2  <^  (8,000  —  600)     30    X 


89,600 

^^(8,000  —  600)         300  X  16^ 
89,603 


=  27  miles  per  hour. 


The  power  exerted  will  be  for  five-minute  trains, 

8,000,  fully  300  ft.  in  two  minutes  and  a-half. 

^^     8,000     X    300  o^A   AAA    •  -4. 

or  -^ =  940,000  m  one  minute. 

2f 

940,000       ^Q,  ,  ^  -       ,,„  _ 

„  '^^^  =  28i  loco,  power  X  5  =  142-5. 
33,000  ^  ^ 

add  one-half    .      .     71 '25. 
214-75." 

96.  Narrow-Gauge  Railways. — At  a  meeting  of  the  Inventors' 
Institute,  as  reported  in  the  "Scientific  Eeview,"  June  1st, 
1865,  the  following  paper  was  read  by  Mr.  Charles  Easton 
Spooner,  C.E. : — "The  object  of  the  paper  which  I  have  the 
honour  to  submit  to  the  members  of  this  valuable  Institute  is  to 
discuss  the  subject  of  narrow-gauge  railways,  explaining  the 
necessity  of  their  general  use,  their  economy  in  construction, 
their  utility  in  certain  districts  as  *  feeders '  to  through  lines,  and 
their  adaptation  to  passenger  as  well  as  to  general  traffic 

Y 
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"  The  introduction  of  railways  on  a  narrow-gauge,  and  worked 
by  locomotive  power,  is  a  growing  necessity,  for  opening  dis- 
tricts where  lines  connecting  one  through  line  with  another  are 
either  in? practicable,  or  would  be  so  costly  as  not  to  justify  the 
outlay  required  for  their  construction  ;  also  in  mountainous  and 
mineral  districts,  where  their  application  would  be  the  greatest 
possible  boon  to  the  public,  and  the  means  of  giving  to  districts 
railway  communication  that,  on  the  parliamentary-gauge,  would 
be  too  expensive  ever  to  be  made.  It  is  in  these  latter  districts 
that  their  application  would  be  especially  useful,  inasmuch  as 
with  narrow-gauge  lines  of  2  ft.  6  in.,  or  from  that  to  2  ft.  9  in., 
curves  of  three  or  four  chains  radii  can  with  facility  be  made, 
and  by  this  means  tunnels,  viaducts,  and  heavy  earthworks  are 
avoided,  which  on  the  broader  gauge  would  be  inevitable  ;  and, 
at  the  same  time,  there  is  no  necessity  on  short  lines  of  this  kind 
for  any  very  great  amount  of  speed,  which  is  imperative  on 
'  through  lines.' 

"  It  is  found  thai)  the  various  gauges  of  railways  in  different 
parts  of  the  world  are  : — In  the  United  States  of  America,  6  ft. 
and  4  ft.  8^  in. ;  South  America,  5  ft.  3  in. ;  Central  America, 
4  ft.  8^  in. ;  Austria,  4  ft.   8  J  in. ;  Australia,  5   ft.   3  in.  and 

4  ft.   8i  in.  ]  Belgium,  3  ft.   8  in.  and  4  ft.  8^  in. ;  Canada, 

5  ft.  6  in.  and  4  ft.  8^  in.  ;  Cape  of  Good  Hope,  4  ft.  8^  in.  \ 
Denmark,  4  ft.  8^  in.  ;  England,  7  ft.,  4  ft.  8^  in.,  and  2  ft. ; 
Egypt,  4  ft.  8^  in. ;  France,  4  ft.  8^  in.  and  3  ft.  4  in. ;  Ireland, 
5  ft.  3  in.,  6  ft.  2  in.,  and  4  ft.  8i  in. ;  Italy,  4  ft.  8J  in. ;  India, 
5  ft.  6  in.  and  4  ft. ;  New  South  Wales,  4  ft.  8 J  in. ;  Norway, 
3  ft.  6  in.  and  3  ft. ;  Prussia,  4  ft.  8^  in. ;  Portugal,  5  ft.  6  in. ; 
Russia,  5  ft.;  Sardinia,  4  ft.  11^  in.;  Spain,  5  ft.  5-J^  in.; 
Scotland,  4  ft.  8^  in. ;  Switzerland,  4  ft.  8^  in. ;  Sweden, 
3  ft.  6  in. 

"  The  sections  (not  here  given)  show  the  Festiniog  Eailway 
on  a  2  ft.  gauge,  and  a  corresponding  or  comparative  section  of  a 
line  which  was  made  to  and  from  the  terminals  for  the  same 
traffic  on  the  ordinary  gauge  of  4  ft.  8^  in.,  such  section  having 
been  carefully  taken,  with  maximum  curves  suitable  for  that 
gauge,  for  the  like  speed  on  the  same  radius  of  curve,  and  the 
centres  of  gravity  of  the  locomotive  and  carriages  of  one  gauge 
brought  to  the  same  as  that  of  the  other,  and  with  a  proper- 
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tionate  weight  of  train,  the  same  speed  might  be  attained  with 
equal  safety.  For  instance,  as  the  radius  of  2^  chains  curve 
from  A  to  B  (not  here  given)  on  gauge  of  2  ft.  6  in.,  with  wheel 
base  of  5  ft.  from  centre  to  centre  of  axle  of  carriages,  is  to  a  c 
on  radius  of  5  chains  on  the  same  gauge,  with  1 0  ft.  from  centre 
to  centre  of  axles,  so  is  a  b  radius  of  2^  chains  on  2  ft.  6  in. 
gauge  to  radius  a  D  of  1 0  chains  of  5  ft.  gauge  and  1 0  ft.  centres, 
as  per  parallel  dotted  lines  shown  by  the  versed  line  f  g  on  2  J 
chains  radius  of  the  chord  n  i,  equal  to  /  ^  of  chord  7n  n  on  10 
chains  radius,  or  half  that  oifg  on  the  radius  of  5  chains  and 
10  ft.  centres.  It  would  appear  that,  with  a  succession  of  small 
radii  curves,  a  train  might  be  running  on  three  curves  at  one 
time,  and  that  in  consequence  a  relaxation  of  speed  would  be  in- 
curred, caused  by  the  drag  binding  the  wheel  flanges  against  the 
inner  rail  of  curves,  but  the  result  of  experiments  made  give 
little  or  no  perceptible  difference  in  the  speed  on  passing  over 
such  curves. 

"  For  practical  purposes,  it  is  not  necessary  that  an  exact  pro- 
portionate size  of  carriages  and  trucks  should  be  maintained;  it 
is  sufficient  if  they  are  about  one-fourth  the  weight,  and  carry 
one-fourth  the  bulk  or  load  of  those  on  a  5  ft.  gauge,  care  being 
taken  that  the  centre  of  gravity  be  brought  as  low  as  possible, 
and  that  the  maximum  speed  be  limited  to  a  less  rate  than  that 
of  a  5  ft.  gauge.  Very  heavy  loads  are  drawn  with  locomotives 
of  small  diameter  driving  wheels  connected,  and,  from  their  short- 
ness, a  weighted  train  is  easily  started. 

"  Fig.  5  (not  given  here)  represents  the  same  centre  of  gravity 
of  carriages  or  trucks  for  2  ft.  6  in.  gauge,  and  5  ft.  gauge,  as 
per  equilateral  angles  marked  a  h  c.  On  the  Festiniog  Eailway, 
of  2  ft.  gauge,  the  passenger  carriages  are  arranged  as  per  dotted 
lines,  which  gives  an  excessive  overhanging  and  rather  awkward 
appearance. 

"  The  Festiniog  Eailway  was  made  under  an  Act  of  Parlia- 
ment passed  in  1832,  and  built  to  a  gauge  of  2  ft.  The  traffic 
was,  until  within  the  last  eighteen  months,  worked  with  horses. 
For  many  years  it  was  the  wish  of  my  father  (the  company's 
late  engineer)  to  use  steam  power,  but  he  met  with  little  en- 
couragement as  to  the  practicabiUty  of  constructing  suitable 
locomotive  engines  for  so  small  a  gauge.     It  was  only  from  the 
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constantly  increasing  traffic,  and  the  necessity  of  affording  the 
country  passenger  accommodation,  that  it  became  essential  to 
take  the  steps  which  led  to  this  successful  issue.  Careful 
measures  were  entered  upon  for  this  purpose,  which  resulted  in 
the  construction  of  two  trial  engines,  made  by  Messrs.  England, 
and  the  experiment  proved  so  successful  that  the  company  was 
enabled  to  accomplish  the  end  they  had  so  long  desired.  At  the 
present  time  they  work  the  traffic  with  these  engines  and  two 
spare  ones,  and  they  have  also  made  their  line  suitable  for  pas- 
senger traffic.  The  Government  Inspector,  Captain  Tyler,  R.E., 
who,  with  his  usual  ability  and  energy  of  purpose,  tested  this 
little  line  and  the  locomotives  to  the  utmost,  complimented  the 
company  on  the  efficient  state  of  their  railway.  In  his  report  to 
the  Board  of  Trade  some  additional  appliances  were  required, 
which  having  been  made  the  company  obtained  the  sanction 
of  the  Board  to  open  their  line  for  passengers.  This  line,  of 
13;^  miles  in  length,  has  a  difference  in  level  between  the  ter- 
mini of  700  ft.,  having  a  continuous  average  grade  of  1  in  92 
for  12;^  miles  of  its  length.  The  exertive  power  is  one  way 
only — from  Portmadoc  (the  great  slate  depot  for  shipment)  to 
the  upper  terminus.  The  down  traffic  is  entirely  by  gravity. 
During  the  last  eighteen  months  the  engines  have  run  over 
a  distance  of  60,000  miles  without  leaving  the  rails.  The, 
locomotives  are  made  to  the  same  centre  of  gravity  as  those 
used  on  the  Great  Western  Railway ;  three  of  these  weigh  7^ 
tons  each,  and  one  8  tons  in  steam.  The  engine  has  two  pair  of 
wheels  coupled,  of  2  ft,  diameter;  cylinders  8  in.  in  diameter, 
with  a  length  of  stroke  of  12  in.,  and  having  a  maximum  work- 
ing pressure  of  200  lbs.  to  the  square  inch.  The  passenger 
carriages  are  6  ft.  6  in,  high  in  the  centre,  6  ft.  3  in.  wide, 
with  1  ft.  6  in.  diameter  of  wheels,  and  4  ft.  6  in.  centres 
from  wheel  to  wheel,  having  a  cushioned-back  partition  inside 
from  end  to  end.  The  seats  are  brought  inimediately  over 
the  wheels,  and  passengers  sit  back  to  back,  the  arrangement 
being  such  as  to  bring  the  centre  of  gravity  as  low  and  as 
central  as  possible.  The  floors  of  carriages  are  eight  inches 
above  the  rails,  consequently  no  platforms  at  stations  are  neces- 
sary, and  passengers  get  in  through  doors  at  both  sides.  Open 
cars  on  the  same  principle,  with  aprons  for   bad  weather  and 
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straps  in  fair  weather,  are  also  in  use.  It  is  an  interesting 
and  novel  sight  to  see  one  of  these  little  engines,  with  a  train 
120  yards  in  length,  running  up  gradients  of  from  1  in  70  to  1 
in  180,  at  a  speed  of  about  12  miles  an  hour,  round  curves  vary- 
ing from  2  to  30  chains  radius,  hugging  the  hill  sides  through 
some  of  the  most  beautiful  scenery  in.  North  Wales,  the  engine 
in  its  passage,  when  going  through  some  of  the  cuttings,  being 
occasionally  on  three  curves  at  one  time. 

"  Where  there  is  a  limited  amount  of  traffic,  and  no  necessity 
to  use  great  power  to  do  that  traffic,  nor  to  execute  the  heavy 
and  costly  works  required  in  the  construction  of  the  broader- 
gauged  line,  why  should  such  expenses  be  unnecessarily  incurred ; 
or,  in  other  words,  why  make  use  of  a  horse  to  do  the  work  of  a 
pony  ?  While  so  much  discussion  has  taken  place  at  various 
times  as  to  break  of  gauge,  and  on  the  subject  of  adopting  one 
uniform  gauge  for  through  lines  in  this  country,  it  is  strange  that 
the  policy  of  lateral  branches  on  a  small  gauge  has  either  been 
considered  impracticable,  or  altogether  ignored.  In  maritime  lo- 
comotion will  be  seen  in  daily  use  vessels,  from  the  small  river 
boat  to  that  of  a  line-of-battle  ship,  varying  in  size  and  power 
with  the  required  traffic,  local  position,  the  size  of  rivers,  lakes, 
channels,  and  seas,  as  under  the  peculiar  circumstances  is  found 
most  applicable  and  beneficial.  The  question,  then,  arises.  Why 
not  make  the  same  useful  and  reasonable  practice  applicable  in 
our  railway  system  ?  Captain  Tyler  remarks,  in  his  paper  read 
at  the  Institute  of  Civil  Engineers  on  '  The  Festiniog  Railway,' 
'  The  employment  of  locomotive  engines  on  this  little  railway, 
and  its  opening  for  passenger  traffic,  were  not  only  highly  inter- 
esting experiments,  but  were  likely  to  be  followed  by  important 
results.  Although  there  were  still,  doubtless,  numerous  districts 
where  railways  on  a  gauge  of  4  ft.  8]  in.  might  be  profitably 
made,  yet  there  were  also  many  others  in  which  lines  of  cheaper 
construction  were  required.  With  a  narrow  gauge,  lighter  rails 
and  sleepers,  less  ballast,  and  cheaper  works  generally  might  be 
adopted ;  sharper  curves  might  be  laid  down,  very  heavy  gradi- 
ents, particularly  in  mountainous  regions,  might  be  more  easily 
avoided,  and  lighter  engines,  with  lighter  vehicles,  might  be  made 
to  do  all  the  work  where  high  speed  was  not  demanded,  and 
where  the  traffic  was  not  heavy. 
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"  *  It  was,  however,  illegal  at  present  to  construct  any  passen- 
ger lines  in  Great  Britain  on  a  narrower  gauge  than  4  ft.  8^  in., 
or  in  Ireland  than  5  ft.  3  in. ;  consequently,  it  would  appear  to 
be  desirable  to  obtain  the  repeal,  or  at  least  a  modijScation,  of 
the  provisions  of  the  Act  9  and  10  Yict.,  cap.  87,  which  regu- 
lated the  width  of  the  gauge  of  the  passenger  lines,  as  there  was 
now  an  increasing  demand  for  railways  of  a  minor  class.  Many 
coal  and  mineral  lines  on  a  less  gauge  than  4  ft.  S^  in.  were  in 
use,  and  others  were  projected  with  ultimate  views  of  passenger 
traffic,  and  it  would  be  advantageous  if  some  narrow  gauge  were 
recognised.' 

"  It  may  be  argued  that  a  break  of  gauge  would  incur  a  change 
of  passengers  and  luggage  at  junction  stations ;  this  is  true,  but 
is  it  not  the  common  practice  on  all  lines,  even  where  there  are 
the  same  interest  and  the  same  gauge  1  And  further,  it  may  be 
said  that  heavy  mineral  traffic  and  mercantile  goods  would  have 
to  be  shifted  from  the  trucks  of  the  one  to  those  of  the  other, 
to  the  damage  and  loss  to  the  public  or  risk  of  the  railway  com- 
panies. As  to  mineral  goods,  it  is  true  they  would  have  to  be 
shifted,  and  there  would  be  the  cost  of  so  doing ;  but  the  raw 
material  cannot  receive  any  very  great  injury  in  the  operation. 
As  regards  mercantile  goods,  it  is  the  common  practice  to  detain 
trucks  at  the  different  stations  for  delivei^  of  miscellaneous 
goods,  and  trucks  are  often  detained  in  order  to  fill  or  make  up 
a  load ;  but  if  none  of  these  answers  could  be  brought  to  bear 
in  extenuation,  the  disadvantages  are  but  insignificant  when  com- 
pared with  the  large  benefits  that  would  be  secured  to  the  public 
by  the  construction  of  narrow  gauge  lines  in  peculiar  districts, 
and  as  feeders  to  the  main  or  through  lines,  and  which  it  is  ob- 
vious will  be  followed  by  a  general  increase  of  traffic  spread  over 
all  main  lines  in  the  United  Kingdom. 

"  As  to  consumption  of  fuel,  it  is  found  that  between  seven- 
teen and  eighteen  hundred-weight  is  used  daily  on  the  Festiniog 
Railway,  with  trains  running  at  an  average  speed  of  eleven  miles 
an  hour,  which,  on  the  weight  of  trains  conveyed  during  the  year 
of  goods  and  passengers  (including  weight  of  carriages  and  trucks) 
taken  u^)  the  line  from  Portmadoc  to  the  quarry  terminals,  on 
56,875  tons  over  ascending  grades,  the  whole  distance,  including 
shunting  at  stations,  was  thiep-quarters  of  a  pound  per  ton  per 


Railways.]  RAILWAY  ROLLING  STOCK.  343 

inile ;  or,  if  taken  on  the  traffic  of  slates,  goods,  and  passengers, 
of  81,400  tons,  the  fuel  consumed  was  half-a-pound  per  ton  per 
mile. 

"  It  would  be  advisable  that  a  somewhat  wider  gauge  should 
be  given  than  two  feet,  so  as  to  have  a  greater  width  of  framing 
for  boiler,  fire,  and  smoke-box,  and  to  be  two  or  three  inches 
higher  from  the  rails  than  the  engines  used  on  the  Festiniog  Rail- 
way, which  are  somewhat  confined  for  room,  and  that  the  engines 
should  be  made  with  three  pairs  of  wheels  ;  also  that  the  trailing- 
wheels  should  be  of  broad  tyres,  without  flanges  for  the  purpose- 
of  steadying  the  engine.  By  this  arrangemenent  ample  room 
would  be  given  for  the  connecting  and  eccentric  rods ;  it  would 
facilitate  lubrication,  and  ensure  a  very  perfect  and  powerful  loco- 
motive. In  conclusion,  I  believe,  from  observations  made,  that 
a  2  ft.  6  in.,  or  a  2  ft.  9  in.  gauge,  would  be  one  most  suited  for 
the  description  of  lineS*  here  set  forth. 

" Captain  Tyler,  R.E.,  in  his  report  on  the  'Festiniog  Railway' 
to  the  Board  of  Trade,  stated,  '  The  adoption  of  the  locomotive 
power  upon  this  little  line  is  a  very  important,  and  has,  evidently, 
been  a  very  successful  experiment.  The  cheapness  with  which 
such  a  Une  can  be  constructed,  the  quantity  of  work  that  can  be 
economically  performed  upon  it,  and  the  safety  with  which  the 
trains  run  over  it,  render  it  an  example  which  will  undoubtedly 
be  followed  sooner  or  later  in  this  country,  in  India,  and  in 
the  Colonies,  where  it  is  desirable  to  form  cheap  lines  for  small 
traffic,  or  as  a  commencement  in  developing  the  resources  of  a 
new  country.' 

"  With  locomotive  engines  of  2^  ft,  driving-wheels,  for  a  2  ft. 
6  in.  gauge,  which,  as  compared  with  7^  ft.  driving-wheels,  or 
(as  7^  ft.  circumference  is  to  23)  with  three  revolutions  to  one, 
it  will  appear  there  would  be  three  times  the  friction  on  the 
pistons,  piston-slides,  and  the  tyres  of  the  wheels  ;  but  practically 
this  is  not  the  case,  as  the  friction  caused  by  the  greater  weight 
of  engine  of  the  broader  gauge  is,  in  fact,  counterbalanced ;  also 
the  wear  and  tear  of  the  rails  and  line  for  the  same  reason  is 
greater." 

97.  Maintenance  of  Railway  Rolling  Stock. — "  On  another 
page  (see  the  number  of  the  'Engineer'  for  May  19,  1865)  we 
give  a  searching  analysis  of  the  question  of  railway  carrying  stock, 
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with  a  plan  for  adapting  it  to  the  constantly  increasing  demand 
for  heavier  and  more  voluminous  loads,  in  conformity  with  the 
extension  of  modern  traffic,  which  year  by  year  is  increasing  the 
size  of  our  merchant  vessels  for  ocean  transit.  We  commend  it 
to  the  thoughtful  attention  of  our  railway  readers. 

"  While  it  was  in  type  we  saw  a  notice  of  a  forthcoming 
paper  at  the  Institution  of  Civil  Engineers,  on  the  Maintenance 
of  the  Carrying  Stock  of  the  Northern  and  Eastern  Railway, 
with  voluminous  tables,  giving,  we  presume,  the  age  of  every 
separate  vehicle  and  engine  as  accurately  as  a  peerage.  The 
momenclature  of  Captain  Mark  Huish  will  of  course  be  brought 
into  play  under  the  assumptive  title  of  '  Rolling  Stock  and  its 
Life,'  as  though  the  stock  had  really  attained  to  the  condition  of 
perfect  rolling,  like  true  wheels,  and  not  like  garden  rollers,  a 
compound  of  rolling  and  sliding,  and  as  though  there  could  be 
anything  '  lively  'in  the  inert  masses  of  structure  which  some- 
times refuse  to  move  down  an  incline  of  1  in  75,  unless  pulled 
by  the  engine.  We  would  earnestly  suggest  to  the  railway 
authorities,  who,  in  opposition  to  Captain  Galton  and  others, 
believe  that  existing  railway  wheels  and  axles  are  perfect,  to 
study  the  history  of  Crosskill's  clod-crusher.  That  was  a  kind 
of  garden  roller,  set  round  with  spikes  like  those  on  the  maces 
of  Gog  and  Magog  in  Guildhall ;  in  short,  a  revolving  harrow 
formed  of  a  single  cylinder.  But  this  obstinately  persisted  in 
pulling  up  the  horses  by  excessive  friction.  So  Mr  Crosskill, 
like  a  sensible  experimentalist,  divided  it  into  two  halves,  and 
then  it  was  better ;  then  he  quartered  it,  and  it  was  better  still ; 
and,  finally,  he  divided  it  into  as  many  slices  as  there  were  rows 
of  teeth,  and  these  possessed  the  maximum  of  advantages. 

"  It  is  true  that  the  garden  roller,  called  by  courtesy  a  pair 
of  railway  wheels,  is  not  a  continuous  roller,  having  only  two 
ends  pretending  to  be  wheels,  with  the  middle  cut  away.  But 
these  ends  are  as  obstinate  and  unyielding  as  Crosskill's  original 
clod-crusher,  but  instead  of  crushing  clods  they  crush  themselves 
and  the  rails  they  gride  on.  Wliether  this  paper  is  the  stereo- 
typed railway  production,  that  gives  us  class  and  order,  as  though 
the  tree  of  railway  knowledge  had  been  plucked,  and  there  was 
nothing  more  to  find  out,  or  whether  it  be  a  sound  philosophical 
paper,  taking  in  the  whole  commercial  and  mechanical  question, 
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having  regard  to  the  future,  remains  to  be  seen.  For  our  part 
we  regard  existing  railways  as  being  in  much  the  same  position 
that  stage  coaches  were  in  previous  to  their  advent,  showing 
great  skill  and  care  in  their  arrangement  and  management,  but 
becoming  utterly  useless  with  the  advent  of  better  things.  To 
talk  of  the  present  railways  and  their  equipments  having  any- 
thing of  the  character  of  permanence  is  an  absurdity,  and  we  are 
quite  satisfied  that  no  great  time  will  elapse  before  a  new  class 
of  lines  is  called  into  being,  especially  kept  for  passengers  at  the 
highest  rates  of  speed,  and  with  all  the  appliances  that  mechani- 
cal philosophy  points  to  and  railway  bureaucracy  resists.  A 
catalogue  of  to-day,  giving  a  list  of  all  the  travelling  furniture  of 
a  line,  will  in  half  a  dozen  years  be  as  obsolete  as  the  dowry  of 
a  Lima  lady  in  the  revolution  which  took  away  Peru  from  Spain, 
in  which  everything  is  enumerated, — four-post  bedsteads,  ancient 
couches,  and  all  that  came  from  Spain  with  the  Conqulstadores, 
summed  up  with  all  tlie  shoes,  slippers,  stockings,  and  brocade 
robes  and  hooped  skirts,  added  to  the  family  property  as  the 
three  hundred  years  rolled  on. 

"The  value  of  the  railways  will  consist  chiefly  in  the  land 
they  cover,  just  as  land  in  the  city  of  London  is  all  in  all,  and 
the  buildings,  unless  modern,  only  an  incumbrance — the  land 
being  worth,  as  late  sales  testify,  some  £40  sterling  per  square 
foot,  and  on  which  nothing  less  than  palatial  buildings  can  be 
afforded  a  location,  and  which  only  merchant  princes  can  afford 
to  occupy.  Even  these  existing  railways  will  have  to  pale  their 
influence  in  the  presence  of  new  ones,  unless  they  keep  pace 
with  the  coming  times.  We  know  how  large  a  body  of  railway 
men  there  are  in  the  House  of  Commons,  and  how  they  band 
themselves  together,  far  closer  than  the  Irish  Brigade,  to  make  a 
close  corporation  of  their  imperum  in  imperio ;  but  all  that  will 
be  written  down  amongst  the  things  that  were,  whenever  they 
shall  become  too  prominent  and  obstructive.  They  would  wil- 
lingly be  the  despots  of  Commerce,  with  the  Clearing-house  for 
their  council  chamber,  and  practise  all  the  abuses  to  which  irre- 
sponsible power  is  prone  ;  but  they  cannot  put  off  the  inevitable 
law  of  progress.  When  we  get  our  report  of  the  *  Maintenance 
Paper'  we  shall  deal  with  it." — Engineer. 

98.   On  Gas  Lighting  in  Railway  and  other  Carnages, — On 
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this  subject  a  paper  was  read  by  Mr.  W.  Dalziel  before  the 
"London  Institution  of  Foremen  Engineers :" — **  The  reader  com- 
menced by  stating  that  the  subject  of  artificial  illumination  is  a 
question  that  has  engaged  attention  from  the  very  earliest  periods, 
and  the  advantages  accruing  to  mankind  from  having  the  means 
of  obtaining  a  good  light  are  too  well  known  to  need  any  com- 
ment from  me.  We  are  now,  said  the  writer,  able  to  travel  from 
one  point  to  another  with  great  facihty,  and  to  reach  Glasgow 
from  London  in  13  hours;  but  in  a  journey  of  that  duration  we 
have  to  submit  to  many  inconveniences,  and  not  the  least  is  that 
of  a  bad  light,  supplied  to  us  from  dirty  oil  lamps.  To  remedy 
this  state  of  things  several  gentlemen  have  turned  their  attention 
to  the  lighting  of  railway  and  other  carriages  with  gas,  but  the 
great  difficulty  has  hitherto  been  the  want  of  space  for  carrying 
a  sufficient  quantity  of  gas  for  long  journeys. 

"  The  most  successful  of  those  who  have  attempted  the  light- 
ing of  carriages  with  gas,  has  been,  I  believe,  Mr.  Newall  of 
Lancashire.  That  gentleman  has  at  tlie  present  time  in  opera- 
tion on  several  railways  (for  short  journeys  only),  an  apparatus 
consisting,  in  the  first  place,  of  an  india-rubber  bag,  of  much  the 
same  appearance  as  an  accordian  bellows,  which,  when  infl^ated 
with  gas,  opens  out  to  its  full  extent,  and  then,  as  the  gas  is 
burnt,  closes  gradually  by  its  own  weight,  until  the  gas  is  con- 
sumed. This  bag  can  be  placed  on  any  part  of  the  train  or  car- 
riage, or  in  a  compartment  of  a  brake  van,  the  latter  plan  being 
generally  adopted  by  the  various  railway  companies  who  have 
used  this  plan  of  illumination. 

"  When  the  bags  are  placed  in  a  brake  van,  the  service-pipes 
are  run  along  the  roof  of  each  carriage,  the  one  carriage  being 
connected  to  the  other  by  means  of  india-rubber  tubing  and 
union-joints,  so  that  the  carriages  can  be  connected  and  discon- 
nected at  pleasure.  Attached  to  the  service-pipes  are  bracket 
burners,  let  into  the  carriage  tops  for  the  purpose  of  illuminating 
the  interior.  When  all  the  fittings  are  complete  in  the  various 
carriages,  the  bags  are  inflated  with  gas  in  the  following 
manner : — 

"  There  is  placed,  in  any  convenient  spot,  a  large  receiver, 
which  is  supplied  with  water  from  a  height  (say  30  ft.)  by  means 
of  a  pipe  and  stop-valve.     Another  pipe  and  stop-valve  are  con- 
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nected  to  the  receiver,  for  the  purpose  of  supplying  it  with  gas. 
There  are  also  two  outlet  pipes,  fitted  with  stop-valves,  one  for 
water  and  the  other  for  gas.  The  outlet-pipe  for  the  gas  being 
carried  to  the  place  required  for  charging  the  india-rubber  bags, 
a  hose  pipe  is  made  to  connect  the  bags  with  the  pipes  from  the 
receiver.  Before  filling  the  bags  with  gas,  it  is  necessary  to  ex- 
pel all  the  air  from  the  receiver,  so  as  to  prevent  a  possibility 
of  an  explosion.  To  effect  this  thoroughly,  the  valves  of  the 
outlet  gas  and  inlet  water  are  opened  until  the  receiver  is  filled ; 
then  both  are  closed,  and  the  outlet  water  and  inlet  gas  are  opened, 
the  vacuum  formed  by  the  receding  water  being  filled  by  the  gas 
from  the  inlet  gas  pipe.  When  the  water  is  all  withdrawn  from 
the  receiver  both  valves  must  be  closed,  and  the  connection  made 
with  the  gas  bags,  the  water-supply  and  gas-discharge  valves  be- 
ing also  opened.  The  water  will  then  rush  in,  forcing  the  gas 
into  the  bags.  When  the  bags  are  filled,  care  must  be  taken  to 
turn  off  the  valves  immediately,  or  the  bursting  of  the  bags  from 
the  pressure  given  by  the  column  of  water  will  follow,  the  bags 
not  being  made  to  stand  much  pressure  beyond  that  required  for 
burning.     The  bags  being  now  filled,  all  is  ready  for  lighting. 

"  By  this  plan,  for  every  cubic  foot  of  gas  required,  one  cubic 
foot  of  room  is  needed,  the  column  of  water  being  merely  used 
to  facilitate  the  charging  of  the  bags  with  gas.  If  we  suppose  a 
train  of  20  carriages  to  be  going  from  London  to  Glasgow,  it 
would  require  at  least  60  lights,  each  light  burning  3  feet  per 
hour.  To  supply  this  quantity  of  gas,  the  sole  use  of  2^  vans, 
measuring  20  feet  long  by  7  feet  wide  and  6  feet  high,  or  a 
space  equal  to  2,340  cubic  feet — or,  in  fact,  one-eighth  of  the 
whole  train — would  be  required  to  store  the  gas.  Another  weak 
point  is  the  liability  of  the  bags  to  become  injured  at  the  corners, 
such  injury  being  caused  by  abrasion  and  the  wear  and  tear  of 
alternate  motion.  There  is  also  another  objection,  which  con- 
sists in  the  use  of  water  in  charging.  In  using  water  at  a  pres- 
sure for  forcing  gas,  a  large  quantity  of  the  illuminating  qualities 
of  the  gas  are  absorbed,  and  the  light  is  rendered  very  poor.  A 
yet  further  objection  should  not  be  overlooked,  viz.,  that  when 
the  bags  are  charged  with  gas,  if  they  were  allowed  so  to  remain 
for  a  number  of  days,  they  would  in  all  probability  become  very 
dangerous   machines,   fi'om  the  fact   that   air  would  penetrate 
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through  them,  and  take  the  place  of  an  equal  quantity  of  gas, 
leaving  the  contents  a  highly  explosive  compound. 

"  There  have  been  several  other  plans  suggested  for  the  light- 
ing of  railway  carriages  with  gas,  but  not  having  been  able  to 
find  out  where  they  have  been  at  work,  I  am  unable  to  speak 
with  certainty  of  their  merits  or  demerits.  Some  are  much  the 
same  as  the  gas  bags,  and  some  are  intended  to  work  high- 
pressure  gas.  I  have  copies  of  the  specifications  of  two  patents, 
with  drawings,  &c.,  which  ma}'^  be  examined  by  yourselves. 

"  It  appears  to  me  that  gas  bags  are  the  best  means  of  railway 
carriage  hghting  hitherto  in  the  field,  but  that  there  are  too  many 
strong  objections  to  their  use  for  them  ever  to  become  extensively 
employed.  What  is  really  wanted  is  a  vessel  that  will  carry  a 
large  quantity  of  gas  in  a  small  space,  and  give  it  out  for  con- 
sumption with  uniformity, 

*•  I  have  no  doubt  you  have  all  heard  of  the  High-Pressure 
Portable  Gas  Company,  which  was  started  in  London  many  years 
ago,  but  when  I  tell  you  that  there  was  no  difficulty  in  obtain- 
ing at  that  time  high -pressure  gas,  but  that  their  difficulty  con- 
sisted in  giving  an  uniform  light,  you  will  understand  why  the 
Company  failed.  Their  mode  of  giving  light  was  by  means  of 
a  peculiarly-constructed  cock,  which  required  constant  attention 
and  care  to  keep  a  regular  flame.  Now  anything  that  wants  much 
attention  will  not  do  for  a  railway  company ;  therefore  it  was 
necessary  to  construct  something  which  should  be  at  once  self- 
acting  and  eff'ective,  and  which  would  give  an  uniform  light  from 
a  high-pressure  holder,  no  matter  what  the  pressure  within  it 
might  be,  whether  5  lbs.  or  500  lbs.  per  square  inch. 

"  Seeing  that  the  bags  were  not  the  best  appliances  possible,  I 
set  to  work  to  try  if  I  could  not  devise  something  better,  and 
the  results  of  my  labours  have  been  that  I  have  now  at  work  on 
the  South  Eastern  Railway  a  carriage  fitted  with  apparatus  for 
regulating  the  pressure  of  gas  with  a  high-pressure  chamber  or 
holder,  the  cubical  contents  of  which  is  85-  feet.  This  holder, 
when  charged  with  gas  to  a  pressure  of  135  lbs.  per  square  inch, 
supplied  two  'No.  3  burners  for  a  period  of  16  hours,  giving  an 
uniform  light  the  whole  of  the  time. 

*'  Let  me  now  describe  the  manner  by  which  this  is  eflfected. 
I  have  two  wrought  tubes,  7^  inches  bore  by  14  feet  6  inches 
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long,  with  the  ends  welded  up.  These  are  fixed  on  the  bottom 
of  the  carriage,  and  are  connected  by  means  of  a  small  pipe  to 
the  high-pressure  holders.  There  is  an  inlet  and  an  outlet  pipe. 
Connected  to  the  outlet  pipe  I  have  a  regulator  fixed.  This 
latter  consists  of  a  common  gas  holder,  working  in  water,  the 
water  forming  what  is  known  as  a  hydraulic  joint.  The  regulat- 
ing holder  has  an  inlet  and  an  outlet  pipe,  the  outlet  pipe  being 
carried  to  the  burners  in  the  carriage,  and  the  outlet  pipe  of  the 
high- pressure  holder  connected  to  the  inlet  pipe  of  the  regulator. 
Fixed  between  the  inlet  of  the  regulator  and  the  outlet  of  the 
high-pressure  holder  is  a  slide  valve,  worked  by  a  lever.  The 
port  of  the  slide  valve  is  of  a  v  shape ;  and  the  lever  being  con- 
nected to  the  regulating  holder  by  means  of  two  rods,  when  the 
regulating  holder  rises  it  depresses  the  valve  and  closes  the  port ; 
and,  on  the  contrary,  when  it  descends,  it  lifts  the  valve  and 
opens  the  port. 

'*  When  you  charge  the  high- pressure  holder  with  gas,  the  gas 
passes  through  the  high-pressure  holder  into  the  regulating  holder, 
and  as  the  regulating  holder  rises  it  gradually  closes  the  port ; 
and  when  the  port  is  closed  you  continue  to  charge  until  you  get 
any  desired  pressure.  When  this  pressure  is  attained,  all  is  ready 
for  lighting. 

"  The  regulator  works  as  follows  : — When  the  gas  is  consumed, 
the  regulating  holder  descends  and  opens  the  port,  and  admits  a 
fresh  supply  of  gas  from  the  high-pressure  holder,  and  continues 
so  to  act  until  all  the  gas  is  abstracted  from  the  high-pressure 
holder,  the  regulator  insuring  an  uniform  light  the  whole  of  the 
time. 

"  The  high-pressure  holder  is  charged  by  means  of  a  force 
pump,  worked  by  a  steam  engine,  pipes  being  laid  from  the  pumps 
to  convenient  places  for  connecting  the  carriages,  the  connecting 
media  being  lead  pipes  and  '  unions.' 

"  By  my  arrangement  it  is  thus  possible  to  fit  up  a  carriage 
with  high-pressure  holders  (every  carriage  to  carry  its  own)  to 
hold  sufficient  gas  for  the  supply  of  two  No.  3  burners  for  60 
hours ;  or,  with  the  same  space  at  my  disposal  that  is  required 
for  gas  bags,  I  could  carry  ten  times  more  than  my  present  sys- 
tem, and  give  an  uniform  light  the  whole  of  the  time. 

"  It  will  perhaps  still  be  said,  What  are  the  main  advantages  of 
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the  pressure  plan  over  the  present  system  of  bags  1  I  answer 
that : — First, — you  may  carry  the  same  quantity  of  gas  in  one- 
tenth  the  space  required  for  the  bags.  Second, — That  the  appa- 
ratus, being  made  of  iron,  is  not  likely  to  fail,  either  by  giving  a 
little  too  much  pressure  or  by  being  over- worked.  Third, — All 
the  holders  being  required  to  stand  a  great  pressure,  there  is  no 
chance  of  the  air  getting  in  and  making  the  contents  explosive 
by  the  operation  of  the  law  of  diffusion." 

99.  Railway  Breaks. — "In  a  paper  on  the  subject,  in  Cosmos^  M. 
Flammarion  calculates  that  if  a  common  train,  going  at  the  rate 
of  40  kilometres  per  hour,  or  12  yards  per  second,  were  stopped 
instantaneously,  the  passengers  would  experience  a  concussion 
equal  to  that  of  a  body  falling  from  a  height  of  19  feet ;  they 
would  be  hurled  against  the  sides  of  the  carriage  with  a  force 
equal  to  that  they  would  be  exposed  to  in  falling  from  a  window 
on  the  second  floor  of  a  house.  If  the  train  were  moving  at  the 
rate  of  50  kilometres  per  hour,  they  might  as  well  jump  from  a 
height  of  three  pair  of  stairs ;  and  an  express  train  would,  in  point 
of  fact,  make  them  fall  from  a  fourth  story.  Instantaneous  breaks 
are,  therefore,  not  to  be  thought  of,  and,  fortunately,  have  not 
been  invented ;  the  impetus  of  a  train,  even  at  half-speed,  being 
much  too  great  for  any  mechanical  means  of  instant  stoppage. 
A  break,  though  instantaneous  in  stopping  wheels,  will  still  leave 
the  train  to  go  forward  a  little  as  a  projectile,  so  that  there  is  no 
fear  of  any  break  ever  to  be  invented,  perhaps,  being  too  instan- 
taneous in  imminent  danger.  M.  Achard,  a  civil  engineer, 
according  to  Galignani,  has  invented  an  electric  break,  which 
simply  consists  in  keeping  the  break  or  shoes,  which  lie  opposite 
the  wheels,  away  from  them  by  means  of  an  electric  cuiTent;  as 
soon  as  the  latter  is  interrupted,  the  break  falls  upon  the  wheels, 
and  the  speed  of  the  train  is  slackened  in  consequence.  All  the 
engine-driver  has  to  do  is  to  jDut  his  hand  on  a  small  interrupter, 
having  much  the  appearance  of  a  doorhandle,  and  this  takes  him 
less  time  than  giving  the  alarm  by  means  of  the  whistle.  Two 
small  Bunsen's  elements  are  employed  to  produce  the  current, 
which  are  kept  in  a  wooden  box." 

100.  The  Whitehall  and  Waterloo  Pneumatic  Railway. — "It 
is  said  the  works  of  this  proposed  railway  will  be  commenced 
immediately  on  the   necessary  Parliamentary  powers   being  ob- 
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tained.  The  proposed  line  will  commence  at  an  open  station  to 
be  formed  in  Great  Scotland-yard,  and  be  continued  in  brickwork 
under  the  Thames  Embankment  to  the  river ;  across  which  it 
will  be  carried  in  a  water-tight  iron  tube,  encased  in  cement 
concrete,  laid  and  fixed  in  a  channel  dredged  out  of  the  bed  of 
the  river.  From  the  river  the  line  will  be  continued  in  brick- 
work under  College-street  and  Vine-street,  to  a  station  convenient 
for  the  traffic  of  the  York-road  and  the  Waterloo  terminus  of 
the  South  Western  Eailway.  The  steepest  gradient  will  be 
1  in  30.  The  trains  will  be  worked  to  and  fro  by  pressure  and 
exhaustion  alternately,  and  at  intervals  of  from  three  to  four 
minutes  from  each  end ;  a  frequency  of  despatch  hitherto  unat- 
tempted.  The  carriages  will  be  as  commodious,  as  well-lighted, 
and  as  completely  fitted  for  the  comfort  of  the  passengers,  as  those 
of  the  Metropolitan  Eailway.  The  iron  tube  will  be  made  by 
Messrs.  Samuda,  and  the  laying  of  the  tube  and  other  works 
will  be  undertaken  by  Messrs.  Brassey  and  Co.  The  principle 
upon  which  the  line  will  be  worked  will  be  the  same  as  that 
adopted  on  the  experimental  railway  in  the  grounds  of  the  Crys- 
tal Palace.  The  machinery  will  be  on  the  Surrey  side,  at  the 
York- road  station.  The  whole  of  the  works  are  to  be  completed 
in  twelve  months  from  the  date  of  the  commencement.  The  cost 
of  the  undertaking  will  be  about  ^61 30,000.  The  pneumatic 
system,  by  which  air  is  applied  to  railway  propulsion,  and  the 
incumbrance  of  the  locomotive  is  gof  rid  off,  differs  materially 
from  the  former  atmospheric  system.  Under  the  new  system, 
the  train  is  wholly  within  a  tube  or  covered  way,  through  which 
it  is  rapidly  propelled  by  the  pressure  of  the  air  behind  it,  so 
that  not  only  are  all  the  difficulties  attending  the  continuous 
valve  and  the  consequent  leakage  avoided,  but  the  advantage  of 
working  with  greatly  reduced  pressures,  and  with  proportionate 
economy,  is  obtained.  Thus,  while  the  old  system  necessitated 
a  pressure  of  from  120  ounces  to  160  ounces  per  square  inch  to 
move  the  train ;  under  the  new,  a  pressure  of  three  ounces  or 
four  ounces  per  square  inch  is  found  sufficient.  Indeed,  in  its 
present  form,  the  pneumatic  system  is  simply  an  adaptation  of 
the  process  of  sailing  to  railways ;  the  wind  being  produced  by 
steam-power,  and  confined  within  the  limits  of  a  tube." 


362  ENGINEEHmG  FACTS.  [Div.  IX. 

DIVISION  NINTH. 

SHIPS. 

101.  On  cleaning  Iron  Ships  Afloat. — The  most  remarkable 
feature  of  late  years  in  what  is  called  "  Marine  Architecture," 
is  the  substitution  of  iron  for  wood.  N"umerous  as  are  the  advan- 
tages derivable  from  the  use  of  iron,  ships  built  of  it  always 
labour  more  or  less  under  the  great  (imdvantage,  their  Uabil- 
ity  to  receive  a  deposit — on  the  parts  under  the  water  line — 
of  molluscous  animals,  bringing  about  what  is  technically  termed 
the  "  fouling  of  the  ship's  bottom,"  So  serious  a  matter  is  this, 
involving  loss  of  speed  in  the  sailing  of  the  ship,  that  all 
most  every  means  have  been  adopted  to  prevent  the  attacks  of 
these  animals,  and  to  secure  the  clean  state  of  the  ship's  bottom, 
so  essential  to  her  good  sailing  condition.  In  a  paper  read  be- 
fore the  Scottish  Eailders'  Association,  Mr.  John  Harrison  goes 
pretty  fully  into  the  actual  history  of  the  animals  which  attack 
iron  ships,  the  modes  in  use  to  prevent  these,  the  reason  of  their 
failing,  and  of  his  own  method  of  getting  rid  of  the  difficulty. 
After  noticing  the  use  of  copper — which  is  by  far  the  best  ma- 
terial which  is  in  employment — Mr.  Harrison  points  out  that 
"  It  is  not  the  poisonous  nature  of  copper  which  prevents  these 
creatures  from  fixing  upon  it,  for  indeed  they  do  fix  upon  it,  as 
fast  as  upon  any  other  substance,  but  it  is  its  rapid  oxidation  or 
scaling  off  which  prevents  their  remaining  after  they  do  fix.  It  is, 
therefore,  ray  opinion  that,  if  ever  a  covering  is  found  to  protect 
an  iron  ship  from  fouling,  it  will  be  a  pigment  of  some  sort  that 
will  possess  the  same  property  as  yellow  metal  or  copper — namely, 
of  scaling  off  and  continually  cleaning  itself 

"  It  was  in  this  direction  that  I  first  extended  my  inquiries, 
and  my  proposal  was  to  cover  the  iron  plates  with  copper  to  a 
considerable  depth  before  building  the  ship,  and  to  give  the  two 
metals  a  metallic  connection,  so  that  there  should  be  no  galvanic 
action  evolved  between  them.  These  two  metals,  however,  have 
no  affinity.  They  will  not  weld  together  as  iron  will,  and,  there- 
fore, it  was  with  considerable  difficulty  that  I  succeeded  in  unit- 
ing them.     By  a  certain  chemical  process,  however,  it  was  done, 
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as  you  •will  see  from  some  small  samples  on  the  table.  Whether 
vessels  may  ever  be  built  in  this  way  I  do  not  know,  there  being 
still  some  mechanical  difficulties  in  the  way  which  I  have  not 
as  yet  been  able  to  remove.  But  on  this  question  I  will  not 
dwell,  for  although  prevention  is  said  to  be  better  than  cure,  the 
question  of  prevention  is  as  yet  a  questio  vexata  on  which  not 
two  are  found  to  agree,  but  which,  in  the  absence  of  facts,  may 
continue  to  be  a  fair  field  for  experiment  and  speculation. 

"  Let  us,  therefore,  now  look  at  another  phase  of  the  subject, 
namely,  since  we  cannot  prevent  these  colonising  fishermen 
from  squatting  on  our  property,  what  is  the  best  way  of  ejecting 
them  1  I  answer  at  once,  by  mechanical  means  alone.  This,  in 
my  opinion,  is  the  most  effective  plan,  and  the  cheapest.  Many 
attempts  have  already  been  made  in  this  direction.  Some  ship- 
masters have  tried  the  friction  of  a  chain  on  the  bottom,  others 
a  series  of  wooden  bars  with  pieces  of  iron  upon  them.  One 
machine,  at  present  in  use  in  the  navy,  is  called  a  *  hog,'  and  con- 
sists of  a  circular  brush,  shaped  like  a  barrel,  and  which  they 
cause  to  revolve  beneath  the  vessel  longitudinally  from  stem  to 
stern.  Another  machine  has  been  tried  in  Liverpool,  consisting 
of  a  rope  ladder,  the  steps  of  which  are  broad  pieces  of  wood,  one 
side  being  covered  with  bristles,  forming  a  series  of  brushes, 
while  on  the  other  there  is  a  piece  of  iron  forming  a  series  of 
scrapers.  This  is  placed  round  the  vessel,  and  is  wrought  by  a 
sort  of  see-saw  motion,  rubbing  up  and  down. 

"  I  have  reason  to  know,  however,  that  neither  of  these  plans 
have  given  satisfaction,  and  whoever  has  examined  the  degree  of 
tenacity  with  which  these  creatures  cling  to  the  iron,  must  know 
that  it  is  not  the  soft  persuasion  of  a  brush,  nor  yet  even  a 
gentle  rub,  that  will  induce  them  to  loose  their  hold.  Nothing, 
indeed,  but  a  sharp  steel  edge,  equal  to  that  employed  by  the  hand, 
can  ever  make  any  impression  upon  them. 

"  The  mechanical  appliance  for  cleaning  vessels  afloat  which  I 
have  the  honour  of  submitting  to  you  this  evening,  consists  of 
what  may  be  shortly  described  as  a  travelling  lever,  fixed  in  a 
movable  frame.  The  working  model  before  you  is  precisely  the 
same  as  the  actual  instrument,  only  it  is  made  to  a  scale  of  one 
inch  to  a  foot,  or  one  twelfth  of  the  actual  size.  The  frame  is  a 
wooden  sledge  held  close  to  the  side  of  the  ship  by  two  guides, 
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upon  which  it  travels  as  upon  a  railway,  down  to  the  keel  and 
back      It  is  wrought  vertically  over  aU  the  ship,  except  upon 
the  quarter,  where  it  should  be  angled  towards  the  stern,  to  al- 
low it  to  go  into  the  '  run '  of  the  ship.  _ 
"The  line  A,  A,  A,  fig.  33.  is  an  outline  of  the  right  siae  ot 


Fig.  33. 


the  sledge,  the  left  side  being  removed  to  show  the  interior.  B  is 
an  upright  fixed  to  the  crossbar  C,  by  the  ring  bolt  D.  To  this  fixed 
base  the  other  two  sides  of  a  triangle,  E,  E,  are  attached,  but 
jointed  and  movable,  while  the  lower  side  of  the  triangle  G 
passes  through  double  sheaves,  beyond  the  base,  ending  in  an  eye 
for  the  attachment  of  the  scraper-rope  at  H.  Upon  the  apex  of 
this  triangle,  at  I,  the  scraper-blade  is  fixed,  being  set  at  right 
angles  with  the  shaft,  and  the  long  ears  at  K  being  at  right 
angles  with  the  edge  of  the  blade. 

"  As  is  shown  by  the  dotted  lines  L,  M,  when  the  rope  H  is 
hauled  upon,  the  scraper  leaves  its  position  at  K,  and  descends  to 
L,  where,  being  beneath  the  level  of  the  frame,  it  comes  hard  in 
contact  with  the  plates  of  the  ship. 

"  The  lever  being  still  further  hauled  upon  at  the  fulcrum  at 
0,  its  longest  end  pushes  forward  the  bar  B,  making  the  machine 
travel  forward  on  the  lines  P,  which  pass  through  the  double 
sheaves  at  Q,  Q,  while  the  scraper -blade  at  L  continues  its  course 
over  the  ship's  plates,  sweeping  every  thing  before  it. 
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"  By  constructing  the  long  ears  of  the  blade  at  right  angles 
with  the  edge,  they  perform  the  threefold  office  of  keeping  the  blade 
within  the  frame  while  passing  over  a  hollow  at  the  bow,  or  the 
quarter  where  the  blade  requires  to  descend,  as  is  seen  at  M. 
They  also  form  an  inclined  plane  for  leading  the  edges  over  the 
landings  of  the  plates,  so  that  it  is  not  impeded  in  its  vertical 
course  from  the  keel  upward  to  the  bulwarks.  They  also  prevent 
the  edge  of  the  scraper  from  going  too  deep  and  injuring  the 
paint  on  the  plates,  as  the  edge  can  never  go  deeper  than  the 
parallel  of  these  inclined  planes. 

"  The  ropes  S  and  T  are  used,  the  former  for  lowering  down 
the  machine  and  adjusting  it ;  the  latter,  as  will  be  seen  on  the 
model,  is  for  hauling  the  machine  down  to  the  keel  against  the 
natural  flotation  of  the  frame. 

"  As  to  the  power  of  scrape  which  the  machine  possesses,  it 
can  be  regulated  to  almost  any  amount  consistent  with  the  strength 
of  the  materials  of  which  it  is  made.  By  keeping  a  gentle  strain 
upon  the  back  rope  at  T  the  machine  will  be  harder  to  push 
along  at  B,  and  the  power  of  scrape  at  L  or  M  will  be  propor- 
tionately increased  ;  or  by  slacking  the  rope  at  T,  and  also  throw- 
ing the  guide-ropes  slack  P,  P,  the  machine  will  be  relieved  from 
the  pressure  against  the  sides  of  the  ship,  and  will  be  conse- 
quently easier  pushed  along  at  Q  ;  and  the  scrape  on  the  ship  at 
L  or  M  will  be  lightened  in  proportion  as  these  ropes  are  slack- 
ened. 

"  The  other  wooden  frames  or  fenders  which  stand  at  the  keel, 
the  bilge,  and  against  the  topgallant  rails  of  the  ship,  are  merely 
for  the  purpose  of  holding  the  ropes  that  guide  the  machine  and 
for  carrying  the  running  tackle  through  double  sheaves,  and  so 
preventing  the  friction  and  abrasion  of  the  ropes  against  the 
plates. 

"  Such  is  a  brief  outline  of  the  mechanism  of  this  instrument. 
It  is  exceedingly  simple  in  its  construction,  and  easily  managed 
in  its  working.  It  is  moved  fore  and  aft  the  ship  by  fleet  lines 
attached  to  the  fender  at  the  keel.  It  is  thus  perfectly  under 
command,  and  can  be  sent  down  to  any  part  of  the  ship's  bot- 
tom ;  and  if  it  is  at  any  time  desirable  merely  to  try  the  condi- 
tion of  the  plates,  it  is  only  necessary  to  attach  a  bag  of  thin 
cloth,  or  small  mesh  net,  to  the  instrument  at  the  part  from  I  to 
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Q,  and  it  will  bring  to  the  surface  whatever  it  takes  from  the  bot- 
tom, so  that  you  may  always  know  whether  you  are  taking  any- 
thing off,  or  whether  there  is  anything  to  take  off. 

"  ."From  the  glance  that  we  took  at  the  natural  history  of  the 
barnacle  we  saw  that  they  only  inhabit  the  shallow  waters.  If, 
therefore,  a  vessel  be  gone  over  with  this  scraper  immediately 
before  leaving  a  foreign  port,  and  perhaps  get  into  another  going 
over,  while  waiting  for  wind  in  the  tropics,  she  will  come  home 
here  comparatively  clean,  nearly  as  clean  as  when  she  went  out. 
If  so,  then  the  object  so  much  desired  will  be  gained.  Iron  ships 
will  acquire  that  ascendency  in  point  of  speed  which  the  material 
of  their  construction  ought  to  confer  upon  them,  while  the  ex- 
pense of  keeping  them  clean  will  be  less  than  the  putting  of  cop- 
per on  a  vessel  of  wood,  and  thus  it  is  hoped  another  step  will 
be  gained  in  the  great  march  of  industrial  progress. 

102.  Iron  and  Iron-plated  Ships. — "The  Duke  of  Somerset," 
says  a  writer  in  the  "  Steam  Shipping  Journal,"  "  First  Lord  of 
the  Admiralty,  latel}  presided  at  a  meeting  of  the  Society  of  Arts, 
at  which  a  paper  by  Wm.  Fairbairn,  LL.D.,  F.RS.,  was  read, 
*  On  the  Application  of  Iron  to  the  purposes  of  Naval  Construc- 
tion.' The  subject  was  one  of  great  public  importance.  Even 
since  that  meeting  three  iron  steamers  have  been  wrecked  upon 
our  coasts,  catastrophes  which  have  been  attended  with  fatal  sa- 
crifice of  life,  and  would  seem  to  imply  either  that  our  know- 
ledge in  that  branch  is  still  very  imperfect,  or  that  it  has  not 
been  applied  with  sufficient  care  to  our  seagoing  ships. 

"  So  far  as  the  Warrior,  and  the  other  specimens  of  war  ships, 
enable  us  to  judge,  the  armour  is  altogether  extraneous,  and  is 
merely  intended  for  defence,  without  being  in  any  way  wrought 
into  the  fabric,  so  as  to  be  conducive  to  the  durability  of  the 
structure.  Until  this  point  is  decided,  ships  of  war  cannot  be 
built  on  scientific  principles,  and  the  consequences  of  the  defect 
may  possibly  remain  practically  undiscovered  until  revealed  by 
the  terrible  experiment  of  war.  The  question  between  iron  and 
M'ood  as  the  material  for  their  construction  still  remains  also 
unsettled.  If  wood  is  ultimately  to  be  preferred,  and  we  must 
have  armour  plates,  all  that  can  be  done  is  to  hang  the  plates  on 
the  sides  as  a  protection ;  if,  on  the  other  hand,  tlie  entire  struc- 
ture is  to  be  of  iron,  the  armour  plating  ought  then  to  form  part 
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of  the  ship.  The  same  fallacious  confusion  would  seem  to  have 
prevailed  as  to  the  construction  of  targets,  of  which  we  have 
heard  so  much,  and  on  which  such  sums  of  money  have  been  ex- 
pended. If,  in  the  formation  of  a  target,  our  rulers  merely 
wanted  a  body  capable  of  resisting  shot,  the  matter  was  simple. 
All  that  was  required  was  a  something  as  like  an  anvil  as  possi- 
bly could  be — a  lump  of  iron  of  the  best  texture — for  such  an 
anvil  of  proper  size  will  assuredly  resist  shot.  The  targets,  how- 
ever, which  have  hitherto  been  subjected  to  trials  were  generally 
various  combinations  of  iron  and  wood,  having  a  two-fold  object ; 
but  they  left  the  problem  as  yet  unsolved,  how  such  enormous 
dead  weights  were  to  be  introduced  so  as  to  form  component 
parts  of  the  frame,  and  this  point  must  be  settled  before  we  can 
boast  of  having  really  built  an  iron  ship  of  war. 

"  The  application  of  iron  to  the  formation  of  floating  bodies  is 
one  of  the  many  great  improvements  in  arts  and  manufactures 
which  this  country  has  been  destined  to  witness.  Rolled  plates 
were  first  employed  in  the  construction  of  steam  boilers,  but  we 
have  evidence  that  they  were  adopted  in  the  formation  of  iron 
canal  boats,  about  the  year  1812  in  Staffordshire.  There  would 
then  seem  to  have  been  an  interregnum  of  progress  for  a  period 
of  ten  years,  when,  in  1822,  we  find  that  the  Horseley  Company 
built  the  Aaron  Manhy  of  iron.  The  frame  was  sent  to  London 
in  sections,  and,  being  reconstructed,  was  navigated  to  Havre 
and  Paris  by  the  late  Admiral  Sir  Charles  Napier,  It  might 
have  been  expected  that  comparative  success  in  this  instance 
would  have  stimulated  exertions  in  the  same  direction,  but  inno- 
vations of  magnitude  required  time  to  bring  them  to  maturity. 
Another  period  of  rest  ensued,  when,  in  1829,  Mr.  Houston, 
near  Paisley,  ascertained  that  passengers  might  be  conveyed  in  a 
light  iron  boat  drawn  by  two  horses  on  a  canal  at  the  rate  of 
nine  or  ten  miles  an  hour.  At  this  very  time  a  new  and  unex- 
pected era  in  the  history  of  transit  burst  unexpectedly  upon  the 
world  in  the  experimental  tests  and  competitive  trials  of  locomo- 
tive engines  at  Rainhill,  preparatory  to  the  opening  of  the  Liver- 
pool and  Manchester  Railway.  Alarm  immediately  seized  all  the 
canal  proprietors,  and  the  speed  so  attained  by  the  iron  boats 
furnished  the  only  gleam  of  hope  that  they  would  be  able  to 
compete  with  any  prospect  of  success  against  the  powerful  anta- 
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gonism  of  the  locomotive  and  the  rail — an  anticipation  which 
proved  signally  fallacious.  The  appliance  of  steam  to  transit  on 
land,  then  in  its  infancy,  was  followed  by  the  introduction  of 
iron  vessels,  also  propelled  by  steam,  on  the  Forth  and  Clyde 
Canal;  and  shortly  afterwards  the  Alhurka,  a  small  iron  boat 
with  a  shallow  draught  of  w'ater,  built  by  Messrs.  Laird,  was  sent 
to  Africa  for  the  exploration  of  the  Mger.  We  can  scarcely 
imagine  a  more  striking  contrast  than  these  small  beginnings 
present  when  compared  with  the  enormous  increase  and  present 
extensive  use  of  iron  as  a  material  for  shipbuilding,  in  its  appli- 
cation not  only  in  this  country,  but  also  in  every  Maritime  State 
of  the  globe. 

"  Ductility  and  tenacity  are  the  properties  most  highly  valu- 
able in  iron,  and  constitute  the  true  measures  of  its  strength  and 
practical  utility.  On  no  account  should  any  plate  be  permitted 
to  enter  into  the  construction  of  any  sea-going  ship  that  is  not 
capable  of  enduring  a  tensile  strain  of  20  to  22  tons  to  the  square 
inch,  although,  unfortunately,  many  plates  are  employed  which 
are  considerably  beneath  that  mark.  Boats  on  canals  and  rivers 
may  possibly  venture  on  an  inferior  standard  of  quality,  but  there 
is  no  economy  in  the  use  of  bad  material,  which  is  neither  safe 
nor  durable.  The  experience  obtained  during  the  erection  of 
the  Conway  and  Britannia  tubular  iron  bridges — the  strains  in  a 
ship  and  in  a  monster  girder  being  nearly  analogous — has  led  to 
great  improvements  in  the  mode  of  uniting  the  joints  of  the 
plates  which  constitute  longitudinal  sheathing.  The  riveting 
machine  has  been  invented  for  the  process.  As  rivets  are  in- 
serted hot  and  compressed  by  the  machine,  the  joints  are  brought 
closer  together  by  contraction  as  the  rivet  cools.  The  relative 
strength  of  the  joints  of  plates,  as  compared  with  the  plates 
themselves,  is  an  important  element  in  the  construction  of  a  se- 
cure iron  ship,  as  the  action  of  a  vessel  pitching  at  sea  is  a  con- 
tinued series  of  alternate  strains.  A  vessel  of  war  covered  with 
armour  plates,  or  a  trading  ship  with  a  full  cargo,  when  meeting 
a  gale,  plunges  heavily  in  a  rough  sea.  The  waves  meet  her 
with  violent  shocks,  which  not  only  tend  to  slacken  her  speed, 
but  cause  her  to  tremble  or  vibrate  on  the  crest  of  every  oppos- 
ing wave.  This  is  more  apparent  in  iron  than  in  wooden  struc- 
tures.    By  extending  the  weight  in  the  direction  of  the  bow  or 
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stern  the  strains  are  increased ;  and,  as  a  general  rule,  the  weight 
ought  to  be  concentrated  as  nearly  as  possible  towards  the  centre 
of  the  ship.     As  the  centre  is  subjected  to  great  tensile  strain, 
the  only  safeguard  is  increased   strength  at   midships   by  strong 
longitudinal  keelsons  and  double  bottoms,  with  a  sufficient  num- 
ber of  water-tight  bulkheads,  dividing  the  ship  into  several  dis- 
tinct compartments.     The  engines  being  also  placed  in  the  centre, 
materially  increase  the  weight  in  that  quarter;  and  to  central 
weakness  may  be  traced  the  melancholy  fate  of  several  ocean 
steamers.     A  striking  illustration  of  the  disasters  attendant  on 
defective  construction  has  very  recently  occurred  in  the  loss  of 
the  mail  steamship  Jura,  by  striking  while  at  full  speed  upon 
the  Crosby  Spit,  a  narrow  sandbank  at  the  entrance  of  the  Mer- 
sey.    The  fore  part  of  her  keel  became  fixed  on  the  bank,  the 
stern  hanging  in  deeper  water,  and  she  parted  in  the  centre,  en- 
tirely from  the  want  of  a  judicious  application  of  iron  binders  on 
each  side  of  the  upper  deck,  so  placed  as  to  balance  the  area  of 
the  hull,  and  resist  the  tension  which  literally  tore  her  to  pieces. 
Time  is  an  element  in  the  endurance  of  structures  when  subjected 
to  severe  strains,  affecting  their  ultimate  power,  although   it   is 
difficult  to  determine  what  is  the  correct  measure  of  safety — 
whether  one-fifth  or  one-fourth  the  breaking  weight ;  but  we  have 
ample  data  to  be  assured  that  every  disturbance,  however  minute, 
in  the  molecular  formation  of  bodies,  finally  tends  to  their  de- 
struction, and  it  is  only  a  question  of  time  when  the  rupture  is 
to  ensue.     We  may,  however,  assume  that  a  ship  as  well  as  a 
beam  is  practically  secure  for  a  series  of  years  when  the  strains 
do  not  exceed  five  tons  to  the  square  inch  upon  the  wrought  iron 
plates  of  which  it  is  composed.     In  determining  the  distribution 
of  the  material  in  the  diff'erent  parts  of  the  vessel,  so  as  to  esta- 
blish, as  nearly  as  possible,  perfect  uniformity  of  strength,  it  is 
essential  that  the  resistances  should  be  proportioned  to  the  strains, 
so  as  to  maintain  the  balance  of  opposing  forces.     This  branch 
of  the  subject  would  properly  fall  under  the  supervision  of  that 
section  of  the  Board  of  Trade  which  is  supposed  to  be  devoted 
to  Navigation,  but  it  would  seem  to  have  been  but  little  studied ; 
and  after  so  many  wrecks  of  iron  steamers,  it  is  not  surprising 
that  that  department  of  the  Administration  does  not  stand  high 
in  public  estimation. 
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"The  present  class  of  war  steamers  are  nearly  double  the 
length  of  former  sailing  vessels,  but  with  a  view  to  increased 
speed,  their  depths  are  much  less  in  proportion,  so  as  to  render 
their  power  of  resistance  considerably  less  than  would  be  the  case 
had  the  old  principle  of  construction  been  observed.  Conti-ast  a 
first-rate  built  in  the  last  century  with  the  Warriorf  and  we 
have  the  length  of  the  former,  260  feet;  breadth,  60  feet  1  inch; 
and  the  depth,  53  feet  10  inches;  while  the  length  of  the  latter 
is  380  feet;  breadth,  58  feet  4  inches;  and  depth,  42  feet. 
When  the  comparative  weight  is  distributed,  the  Wat-rior  will  be 
found  to  have  but  little  more  than  half  the  strength  of  the  Vic- 
tory.    This  is  a  matter  for  grave  reflection. 

"  It  has  long  been  settled  that  a  ship  was  a  girder  in  principle ; 
but  another  great  question  of  the  day  to  be  determined  is,  whether 
our  ships  for  the  Royal  Navy  are  in  future  to  be  constructed  of 
wood  or  of  iron,  or  after  the  example  of  the  targets,  of  both — 
that  is,  of  iron  backed  by  wood.  The  commercial  advantages  of 
iron  in  the  construction  of  ocean  ships  would  seem  to  be  ac- 
knowledged by  the  universal  testimony  of  the  mercantile  com- 
munity ;  but  fouling  has  been  hitherto  found  to  be  one  of  the 
great  difficulties  with  respect  to  iron  vessels  of  war.  Sheathing 
iron  ships  with  timber,  and  then  covering  the  sheathing  with 
copper,  has  failed.  The  galvanic  action  cannot  be  counteracted; 
it  proceeds  between  the  iron,  the  copper,  and  the  salt  water, 
notwithstanding  strips  of  intervening  material,  and  in  despite  of 
every  device  which  has  been  as  yet  suggested  by  science.  As- 
phalte  has  been  tried,  and  a  coating  of  brickwork  covered  with 
asphalte,  but  it  was  found  that  the  brickwork  only  contributed 
objectionable  weight.  There  might  not  be  immediate  metallic 
action,  but  the  water  was  in  itself  a  sufficient  medium  to  carry 
on  the  galvanic  effect,  which  accumulated  at  the  point  of  contact 
in  the  iron  plates.  The  mischief  was  less  to  be  apprehended  in 
the  lighter  construction  required  for  mercantile  purposes;  but  it 
was  a  formidable,  and  as  yet  irremediable,  defect  in  iron  ships  of 
war.  The  possible  effect  of  modern  shells  on  wood  sheathing 
has  also  to  be  considered.  According  to  the  opinion  expressed  by 
Captain  Selwyn,  RN.,  such  sheathing  would  probably  be  stripped 
off  before  the  ship  had  been  ten  minutes  in  action,  or  would 
be  set  on  fire;  and  even  if  the  wood  were  rendered  partially  in- 
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combustible,  which  no  doubt  could  be  effected,  the  smoke  from 
the  smouldering  timber  would  be  likely  to  render  the  ship  un- 
tenable.    The  Admiralty  was  certainly  placed  in  a  position  of 
difficulty,  being  suddenly  called  on  from  all  quarters,  in  conse- 
quence of  the  ambitious  efforts  at    superiority  of   the    French 
Marine,  to  provide  war  ships  of  the  best  iron  and  projectiles  of 
the  best  steel.     To  these  sources  of  embarrassment  was  to  be 
added  the  perhaps  still  greater  difficulty  of  finding  and  applying 
true  mechanical  tests  of  the  resisting  power  of  the  former,  and  of 
the  destructive  force  of  the  latter.     The  discussion  at  the  Society 
of  Arts  was  closed   by  this  important  and   startling  admission 
from  Dr.  Fairbairn — who  has  always  been  a  strenuous  advocate 
of  iron  in  the  structure  of  our  war  ships,  and  was  also  a  promi- 
nent member  of  the  Commission  of  Inquiry  on   the  subject  of 
iron — that  if  we   were    to    have  300    or   400   pounder  guns, 
it  was  a  question  with  him,  being  limited  to  a  certain  thickness 
and  weight  of  plates,  whether  it  would  not  be  better  to  be  with- 
out armour  plates  altogether  and  allow  the  shots  to  go  through. 
If  vessels  were  to  be  covered,  according  to  the  most    modern 
plan,  from  stem  to  stern,  and  five  feet  below  the  water  line,  they 
could  not  carry  plates  capable  of  resisting  guns  of  such  large  ca- 
libre ;  and  with  such  a  description  of  naval  ordnance,  his  opinion 
was  that  we  should  have  a  more  secure  and  better  navy  without 
armour  plates  than   with   them.     This   announcement,   coming 
from  an  authority  generally  considered  so  competent,  may  excite 
surprise,  and  is  certainly  not  a  very  encouraging  prospect  for  the 
nation,  after  the  anticipations  we  have  formed  and  the  expendi- 
ture we  have  witnessed.     We  may  perhaps  find  ourselves  reduced 
to  the  position  of  those  knights   of  old  we   read  of  in  ancient 
chronicles,  who,   encompassed  with   armour  plates,  and  encum- 
bered by  their  weight,  when  unhorsed  lay  helpless  on  the  ground 
unable  to  rise,  and  were   easily  dispatched   by  the   dirks  of  the 
lighter  equipped  men  at  arms.     It  would  be  humiliating,  but  is 
by  no  means  an  impossible  consummation,  that  our  splendid  ships 
of  war,  whose  iron  plates  increase   their  displacement,  sink   the 
line   of  flotation,  and  impede  the  speed,  should   be   equally  at 
the  mercy  of  light  wooden   steamships,  capable   of  the  highest 
motive  velocity,  and  armed  with  artillery  of  the  largest  size." — 
Practical  Mechanics'  Journal. 
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103.  At  the  meeting  in  1865  of  the  "Institution  of  Naval 
Architects,"  various  papers  of  importance  were  read.  Of  these, 
abstracts  were  given  in  the  "Civil  Engineer  and  Architect's 
Journal,"  of  which  we  here  take  the  following  : — 

(a.)  On  the  Composite  System  of  Shipbuilding,  os  ap- 
plied to  Vessels  of  War.  By  Alexander  M'Laine,  Associate. 
'*  After  remarking  that  vessels  constructed  solely  of  wood  are 
not  likely  again  to  be  built  for  the  purposes  of  war,  and  that 
it  still  remains  necessary  to  use  wood,  in  order  to  secure  the  pro- 
tection of  copper  or  yellow  metal  sheathing,  Mr.  M'Laine  further 
observes,  that  the  strength  of  an  iron  vessel  is  in  her  skin,  and 
not  in  her  framing;  hence  the  solution  of  the  problem  is  not  to 
be  sought  in  an  iron  frame  with  a  wooden  sheathing.  More- 
over, he  attributes  the  rapid  destruction  of  iron,  exposed  even 
indirectly  to  the  influence  of  copper  sheathing,  chiefly  to  the 
voltaic  effect  of  the  galvanic  battery,  produced  by  the  infiltration 
or  leakage  of  water  impregnated  with  copper  into  the  space  be- 
tween the  iron  skiu  or  frames  and  the  outside  planking.  He 
thence  draws  the  conclusion,  that  if  the  space  last  mentioned 
could  be  kept  perfectly  clean  and  dry,  without  allowing  the  foul 
leakage  to  come  in  contact  with  the  iron,  the  mischief  would  be 
in  a  great  measure  avoided.  The  difficulties  incident  to  keeping 
a  vessel  perfectly  tight  are  very  serious,  and  the  author  proposed, 
in  preference,  to  keep  the  leakage  free  from  the  iron  of  the 
structure  by  building  vessels  with  keel,  stem,  sternpost,  frame 
and  outer  planking  nearly  the  same  as  those  of  an  ordinary 
wooden  vessel;  but  instead  of  the  ceiling  or  inside  planking 
being  composed  of  wood,  it  is  to  be  constructed  of  iron,  united 
all  round  at  the  bottom  and  heels  of  the  vessel,  and  made 
thoroughly  water-tight,  forming  a  complete  inner  skin  of  iron, 
with  beams,  stringers,  keelsons,  bulkheads,  platforms,  &c.,  also  of 
iron.  The  greater  part  of  the  wooden  frame  to  be  merely  of 
dimensions  sufficient  for  bolting  the  wooden  planking  to,  and  to 
be  inserted  between  iron  frames  riveted  all  round  the  outside  of 
the  iron  ceiling.  The  wooden  frames  to  be  fastened  to  the  iron 
frames  by  galvanized  iron  fore-and-aft  bolts,  either  screwed  or 
plain.  The  wooden  floorings  to  be  made  deep  in  the  throat  and 
stiffened  with  plates  on  each  side,  riveted  to  the  angle -iron 
frames,  or  iron  floors  to  be  fitted  inside  the  iron  ceiling  to  sup- 
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ply  tlie  requisite  transverse  strength.  The  apron,  inner  post, 
and  dead  wood  to  be  inserted  between,  and  bolted  to  large  angle- 
irons,  riveted  on  the  iron  ceiling.  The  outer  planking  within 
the  influence  of  the  copper  sheathing  to  be  fastened  to  the 
wooden  frames  with  screw  treenails,  or  with  yellow  metal  bolts. 
The  top  timbers  of  the  frame  to  be,  by  preference,  composed  of 
teak,  and  in  the  wake  of  the  armour  plating,  the  spaces  between 
the  frames  to  be  filled  in  solid  with  teak,  or  with  any  other  suit- 
able material ;  the  iron  ceiling  to  be  also  increased  in  thickness, 
and  additional  webframes  to  be  introduced  at  intervals  to  resist 
shot  and  strengthen  the  vessel.  Owing  to  the  iron  ceiling  in  the 
system  of  construction  described  being  perfectly  tight,  no  foreign 
matters  could  get  into  the  spaces  between  the  frames  to  decom- 
pose in  the  bilge  water,  and  generate  gases  injurious  to  animal 
life  and  productive  of  decay  in  timber  exposed  to  their  influence. 
These  frame  spaces,  which  would  be  kept  constantly  dry  by  fre- 
quent pumping,  would  therefore  be  eminently  eligible  for  the  in- 
troduction of  a  thorough  system  of  ventilation  through  the  vessel 
by  driving  a  current  of  fresh  air,  taken  from  above,  through  the 
box  keelson,  thence  through  apertures  in  the  bottom  of  the  keel- 
son opening  into  each  space  between  the  floors,  then  up  through 
the  spaces  between  the  frames,  and  out  into  the  'tween  decks, 
through  apertures  in  the  iron  ceiling,  grated  over  and  fitted  with 
adjustable  covers,  capable  of  regulating  the  amount  of  the  venti- 
lation. The  ventilation  described  would  be  of  immense  import- 
ance in  furnishing  the  crew,  in  any  weather,  with  a  regular  and 
easily  controlled  supply  of  fresh  air,  and  would  also,  at  a  small 
expense,  immensely  increase  the  durability  of  the  vessel,  and  a 
three  horse  engine  would  probably  supply  power  sufficient  for 
the  ventilation  of  a  ship  of  3000  tons  register." 

(b.)  On  the  Construction  and  Sheathing  of  Iron  Ships.  By 
T.  B.  Daft,  C.E. — "  After  pointing  out  the  practical  failui-e  of 
paints  and  other  compositions  to  preserve  iron  vessels  from  foul- 
ing, or  even  to  remain  in  close  adherence  to  the  surface,  Mr. 
Daft  brought  forward  a  proposal  to  re-arrange  the  plating  of  iron 
vessels  in  such  a  way  as  to  produce  a  fair  flush  surface,  so  as  to 
afford  a  good  foundation  for  sheathing.  This  he  would  obtain 
by  leaving  a  space  or  groove  between  one  plate  and  another  in 
the  skin  of  the  ship  ;  these  grooves  to  be  *  caulked '  or  filled  in 
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with  teak  or  other  suitable  material,  pared  off  flush.  Butt-straps 
would  thus  be  required  longitudinally  as  well  as  vertically;  but 
Mr.  Daft  considered  the  method  to  be  more  advantageous  as  well 
as  stronger  than  the  ordinary  plan  of  butts  and  laps,  besides 
conducing  to  speed.  Without  sheathing  he  considered  such  a 
surface  preferable  for  the  retention  of  paint  or  composition.  But 
he  preferred  to  sheathe,  and  with  zinc.  He  stated  that  this 
metal  not  only  preserved  the  iron,  galvanically,  but  that  the 
slight  exfoliation  of  the  zinc  itself,  due  to  the  voltaic  action  of 
the  iron  in  contact  with  it,  caused  it  to  exceed  both  copper  and 
yellow  metal  in  cleanliness.  He  produced  a  specimen  which 
had  been  immersed  for  twenty-eight  weeks  in  the  sea  off  South- 
end. The  bare  iron  was  coated  6  or  8  inches  thick  with  weed 
and  barnacles.  The  zinc  was  clean,  and  had  only  lost  a  twenty- 
fourth  part  of  its  original  thickness.  A  specimen  of  a  similar 
experiment  had  been  deposited  in  the  ]S"aval  Gallery  of  the 
South  Kensington  Museum." 

(c.)  On  a  Proposed  Method  of  Combining  Wood  and  Iron  in 
Composite  Skips.  By  Michael  Scott,  C.E. — "The  author  stated 
that  his  method  combined  the  strength  of  the  iron  ship  with  the 
capability  of  being  coppered  aff'orded  by  the  wooden  ship.  The 
leading  features  of  the  plan  were  as  follows  : — 

"  First,  the  iron  structure. — This  with  the  following  exceptions 
was  described  generally  as  being  similar  to  an  ordinary  iron  ship. 
The  exceptions  were — 1st.  The  frames  formed  of  T  iron,  stronger 
and  spaced  further  apart.  2d.  Amidships  and  extending  to 
the  furthest  forward  and  the  furthest  aft  bulkheads,  tlie  vessel 
only  plated  to  the  lower  turn  of  the  bilge,  the  ends  only  being 
plated  complete.  3d.  The  joints  of  the  plating  all  butt-joints  ; 
the  plates  close  to  the  frames  ;  liners  dispensed  with,  and  the 
butt  strips  outside.  4  th.  Extending  from  the  upper  edge  of  the 
bottom  plating  to  the  lower  edge  of  the  sheer  strake,  a  series  of 
diagonals  formed  of  flat  bar-iron  riveted  to  the  plates  at  top  and 
bottom  to  the  frames,  and  to  each  other  wherever  they  cross ;  a 
framework  is  thus  obtained  having  the  strength  of  an  iron  ship, 
but  it  is  only  a  skeleton  which  requires  flesh  and  skin  in  order 
t(j  become  a  complete  body. 

"  The  next  step,  therefore,  is  to  fill  the  spaces  between  the 
frames  solid  with  two  thicknesses  of  wood,  the  outer  thickness 
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composed  of  timbers  running  parallel  with  the  frames,  and  the 
inner  thickness  of  timbers  running  at  right  angles  to  the  frames. 
The  outer  thickness  would  be  creosoted  and  caulked.  The  inner 
thickness  may,  or  may  not,  be  similarly  treated.  And  both 
thicknesses  would  be  fastened  to  the  diagonals  with  iron  bolts 
passing  through  all.  If  preferred,  both  thicknesses  of  wood 
might  be  placed  vertically,  the  one  covering  the  seams  of  the 
other.  In  order  to  bring  the  surface  of  the  wood  outside,  flush 
with  the  surface  of  the  diagonals,  the  spaces  formed  by  these 
would  be  filled  with  thin  boards  in  two  thicknesses,  one  set  of 
boards  filling  between  the  inner  diagonals,  and  another  set  be- 
tween the  outer  diagonals.  Over  all  would  come  the  outside 
planking  like  that  of  an  ordinary  wooden  vessel.  It  would  be 
fastened  by  treenails  or  by  copper  bolts  passing  between  the 
diagonals  and  frames,  and  through  the  several  thicknesses  of 
wood.  Mr.  Scott  then  proceeded  to  describe  the  detail  of  the 
construction  of  the  bow  and  stern.  The  author  considered  it  an 
important  feature  of  his  method  that,  whilst  bolts  are  employed 
to  keep  the  wood  in  place,  the  strain  to  which  the  vessel  is  ex- 
posed are  not  taken  by  these  bolts.  The  internal  capacity  is  as 
great  in  proportion  to  their  displacement  as  in  iron  vessels,  and 
greater  than  in  wooden  vessels." 

(d.)  On  some  Recent  Experiences  in  Marine  Engineering.  By 
Kobert  Murray,  C.E.,  I.l!^.A. — "This  paper  was  intended  to  give 
a  record  of  Mr.  Murray's  experience  on  certain  controverted  points 
of  marine  engineering,  namely,  surface  condensation,  combined 
cylinder  engines,  superheating,  the  relative  advantages  of  screws 
as  compared  with  paddles,  and  the  durability  of  shafts. 

Surface  Condensers. — It  was  found  that  the  water,  while  free 
from  salt,  was  apt  to  become  very  foul,  the  result  being  that  the 
tubes  of  the  condenser  got  blocked  up,  while  the  boiler  was  ex- 
posed to  even  more  rapid  deterioration  than  under  the  influence 
of  hot  brine.  There  was  a  set  off,  but  not  an  adequate  one,  in  a 
diminished  consumption  of  coal.  Mr.  Murray  thought  that,  on 
the  whole,  there  was  little  or  no  saving  in  their  use  at  present. 

Gomhined  Cylinder  Engines. — By  a  comparison  of  the  per- 
formance of  the  Poonah,  Delhi,  and  other  vessels  of  the  Penin- 
sular and  Oriental  Company,  with  the  Saxon  and  Roman  of  the 
Cape  Mail  Company,  Mr.  Murray  was  led  to  the  conclusion  that 
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there  was  no  such  advantage  over  the  single  cylinder  as  would 
compensate  for  the  increased  weight  and  complexity  of  the  com- 
bination. 

Superheating. — Mr.  Murray  stated  that  it  might  now  be  con- 
sidered as  certain  that  this  process  is  desirable  for  all  vessels 
which  make  long  voyages,  and  which  use  expansion  in  the  cylin- 
ders to  any  considerable  extent.  In  the  smaller  class  of  coasting 
and  river  steamers,  where  the  trip  was  short,  and  the  engines 
not  worked  so  expansively,  superheating  did  not  answer  so  well. 
In  an}''  case  the  temperature  of  the  steam  at  the  superheater 
should  be  limited  to  320°  or  350°  at  the  utmost. 

Screio  V.  Paddle,  for  Ocean  Steaming. — Mr.  Murray  considered 
that  this  question  was  by  no  means  in  a  settled  state,  and  dis- 
cussed in  detail  the  circumstances  under  which  either  method 
had  advantages  over  the  other.  He  remarked  that  screw  vessels 
were  often  placed  under  circumstances  disadvantageous  for  com- 
parison by  being  underpowered. 

Shafts. — Mr.  Murray  stated  it  as  an  established  rule,  that 
shafts,  whether  paddle  or  screw,  will  not  last  beyond  a  limited 
time,  failing  sometimes  after  five  years'  work,  in  other  cases  last- 
ing ten  or  twelve  years,  but  always  being  deteriorated  by  use. 
After  discussing  the  cause  and  manner  of  this  deterioration,  he 
stated  circumstances  which  led  him  to  form  a  favourable  opinion 
of  the  recent  introduction  of  steel  instead  of  iron  for  the  shafts 
both  of  paddle  and  screw  engines." 

(e.)  On  the  Construction  of  Armour-clad  Ships  of  War.  Ey 
Rear- Admiral  Sir  Edward  Belcher,  C.B. — "Sir  Edward  Belcher 
commenced  by  remarking  that  no  reasonable  thickness  of  iron 
plate,  as  applied  at  present,  or  proposed  to  be  applied,  for  the 
coating  of  our  iron-clads  could  be  expected  to  withstand  the 
heavy  ordnance  which  it  is  contemplated  to  use  for  service  afloat, 
and  that  our  ships  of  war  were  at  present  so  over-pressed  with 
armour  that  they  were  virtually  inefficient  as  rapid,  handy,  and 
active  cruisers ;  his  attention  had  therefore  been  directed  to  a 
different  mode  of  presenting  the  iron  works,  of  rendering  the  hull 
less  penetrable  than  it  is  at  present,  and  of  diminishing  the  effect 
where  penetration  is  effected,  as  regards  splinters.  Eventually, 
if  the  vessel  were  constructed,  as  regards  her  ribs  and  filling  be- 
tween them,  on  the  plan  proposed  by  the  author,  then  she  could 
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be  planked  aud  sheathed  with  copper  similar  to  our  old  timber- 
built  vessels  ;  free,  moreover,  from  the  liability  of  water  coming 
at  all  in  contact  with  the  iron.  By  the  practice  at  present  pur- 
sued, the  heavy  and  unmanageable  iron  plates,  varying  in  weight 
from  3  to  4  tons,  depended  for  their  security  of  attachment  to 
the  slender  framework  upon  through-bolts,  screws,  and  other 
adaptations,  all  proved  more  or  less  insecure ;  and  as  yet,  none 
of  these  vessels  had  been  subjected  to  the  reality  of  an  action, 
the  much  more  dangerous  trial  of  grounding,  or  the  continued 
concussion  of  severe  gales  loosening  the  fastening  within  as  well 
as  without — for  the  treatment  of  the  targets  at  Shoeburyness  was 
not  to  be  compared  with  active  warfare.  But  even  there  it  had 
been  proved  that  no  thickness  of  metal  yet  presented  for  test 
had  withstood  the  heaviest  gun  we  even  now  possessed.  But  it 
was  not  the  penetration  which  was  most  to  be  feared  ;  it  was  the 
effect  of  the  shot  or  shell  after  penetration,  the  yet  untried  diffi- 
culty of  remedying  the  disaster  resulting  from  one  well-directed 
shot,  and  the  insufficiency  of  the  hull  itself  to  carry  the  guns 
with  that  amount  of  armour-plating  which  was  intended  to  pro- 
tect them. 

"  At  the  late  meeting  of  the  British  Association  at  Bath,  Sir 
Edward  Belcher  had  given  an  outline  of  what  he  had  now  more 
fully  matured.  He  began  by  assuming  that  as  our  ships  were 
only  baskets  in  regard  to  resistance  to  these  heavy  guns,  we  re- 
quired in  the  first  instance,  irrespective  of  the  ordnance,  such 
shells  or  carcases  of  ships  as  would  withstand  a  good  fight,  and 
be  to  a  certain  degree  fit  to  renew  action  with  vessels  similar  in 
force  to  our  present  armoured  vessels,  yet  to  possess  greater  com- 
parative invulnerability,  or,  in  plain  terms,  to  possess  greater 
adaptation  for  defence,  and  facility  for  remedying  damages,  tlian 
any  we  now  possessed.  A  ship  of  this  description  demanded 
merely  such  protection  up  to  her  deepest  line  of  flotation,  or  ordi- 
nary rolling  angles,  as  would  shield  her  machinery  effectually, 
and,  under  ordinary  action,  be  free  from  liability  to  sink  within 
a  rational  period  demanded  to  repair  defects  or  efficiently  close 
any  specific  perforations.  With  a  hull  so  prepared,  and  decks 
rendered  bomb-proof  as  regards  oblique  or  glancing  shot,  the 
fighting  batteries  for  guns  and  their  crews  would  become  but  a 
secondary  consideration,  as  most  seamen  who  have  seriously  con- 
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sidered  the  question  would  probably  prefer  lighter  bulwarks 
through  which  shot  and  shell  could  pass  freely,  than  be  subject 
to  the  frightful  effect  of  being  boxed  up  and  mutilated  by  the 
very  splirters  of  the  plates  provided  for  their  protection. 

"  The  admiral  advocated  building  the  ship  herself  of  such 
strength  by  the  very  process  of  construction,  by  placing  in  her 
framework,  in  a  peculiar  manner,  such  a  proportion  of  iron  that 
iron  plating  should  be  needless,  and  that  it  would  be  possible  to 
sheathe  and  copper  as  of  old,  and  to  repair  damages  during 
action  with  the  same  facility  as  our  forefathers  did.  In  fact,  he 
proposed  to  make  his  frame  so  far  shot-proof  that  it  would  not 
only  bear  comparison  with  the  heaviest  iron-clad,  but  would 
come  out  of  action  always  in  a  condition  to  renew  it,  instead  of 
running  home  to  her  parents  here  to  wipe  off  her  tears  resulting 
from  lameness.  He  then  passed  to  the  explanation  of  the  mode 
by  which  he  proposed  to  attain  his  object,  and  to  compare  the 
build  of  the  present  Warrior  class  and  her  weight  of  iron.  Her 
ribs  are  2  feet  asunder,  and  the  thickness  to  carry  the  plates  is 
but  jths.  She  is  filled  in  with  teak,  which  does  not  however 
enter  into  her  strength.  Each  cubic  yard,  as  before  stated, 
weighs  3,123  lb.  Assume  8  inches  to  be  the  diameter  of  the 
shot  or  shell  to  be  used,  the  author  gave  7  inches  space  between 
the  ribs,  which  are  to  be  18  inches  wide  and  2  inches  in  thick- 
ness, cold  short  or  case  hardened  on  the  exterior  surfaces.  His 
proposition  was,  to  fill  in  with  a  peculiar  substance,  termed  at 
present  'zopissa  board,'  possessing  the  same  specific  gravity  as 
teak — viz.,  4.8 — but  of  fourfold  resistance,  incombustible,  pro- 
tecting iron,  resisting  water,  and,  finally,  an  absolute  non-con- 
ductor of  galvanic  electricity.  Now,  as  the  specific  gravity  is 
the  same  as  oak  and  teak,  teak  might  be  assumed  for  the  pre- 
sent as  the  filling  and  backing.  Therefore,  taking  into  considera- 
tion the  necessity  for  protecting  the  iron  from  external  influence, 
he  would  first  bring  on  2  inches  of  this  prepared  paper  (if  wood 
be  preferred  after  due  experiment,  or  the  zopissa  board,  to  super- 
sede it),  and  over  it  4  inches  of  teak.  Within,  he  would  bring 
on  2  thicknesses  of  3 -inch  paper  board  to  resist  splinters  if  shot 
penetrated.  Then  followed  a  tabular  comparison  between  the 
construction  recommended  by  the  author  and  that  of  the  Warrior, 
and  a  detailed  discussion  of  the  probable   effect  of  shot  upon 
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the  two  vessels.  The  zopissa  paper  board  was  stated  to  be  the 
invention,  or  rather  discovery,  of  Colonel  Szerelmey,  formerly  on 
the  staff  of  the  Austrian  army.  It  was  not  a  supporter  of  com- 
bustion ;  it  was  capable  of  being  used  in  mass  without  waste, — 
indeed  similar  to  a  fusible  metal.  It  was  free  from  any  particle 
of  moisture  ;  and  whereas  any  ordinary  paper  would  corrode  iron, 
it,  on  the  contrary,  adhered  to  and  formed  over  it  a  covering 
impervious  to  water.  If  our  iron-plated  ships  had  this  sub- 
stance interposed  between  the  plates  and  ribs,  and  used  as  filHng, 
the  vessel  would  be  safe,  even  if  her  armour-plating  fell  away. 
It  was  an  absolute  non-conductor  of  heat,  cold,  or  electricity,  and 
the  time  was,  perhaps,  not  far  distant  when  its  use  in  covering 
boilers,  steam  tubes,  funnels,  &c.,  would  become  very  general. 

**  Sir  Edward  Belcher  concluded  with  the  following  remarks  : 
— I  had  intended,  as  I  first  stated,  to  have  simply  placed  before 
the  institution  the  quasi  invulnerable  and  unsinkable  shell  of  my 
corvette,  for  I  would  leave  the  protection  of  the  men  to  those  who 
think  more  about  such  matters.  But  I  wished  to  add  one  more 
effort  to  bring  all  the  guns  to  perform  their  duty.  It  is  im- 
material to  me  if  you  give  each  gun  its  turret — on  the  deck,  not 
Coles's  revolving — or  bring  round  your  connecting  bulwarks  for 
them,  but  I  think  my  hearers  will  not  fail  to  understand  that  I 
have  so  transposed  Mr.  Eeed's  rectangular  box  into  a  lozenge, 
that  I  lose  no  strength  in  whatever  direction  I  may  be  assailed. 
I  am  able  to  show  five  guns  ahead,  astern,  or  abeam,  by  the 
slightest  possible  deviation  from  the  course.  That  subject  is  of 
too  much  importance  for  a  short  observation.  As  to  offence  of 
the  vessel  ahead  or  astern,  she  is  adapted  to  go  over  or  under  my 
adversary,  and  presents  a  sensible  tool  for  an  intelligent  work- 
man ;  such  a  tool  precisely  as  we  use  in  the  cutting  of  iron.  I 
remove  my  length  of  keel,  and  thus  facilitate  turning,  on  the 
principle  of  the  famed  *  mugian '  (Bermudian),  which  has  only 
half  her  deck  length  on  her  keel,  and  the  rake  of  stem  and  stern- 
post  at  opposite  angles,  I  propose  to  facilitate  turning.  These 
are  secondary  matters  not  involved  in  my  programme.  I  may 
observe  that  the  use  of  paper-board  would  deaden  concussion 
considerably.  I  now  turn  to  my  unsinkability.  It  will  be  seen 
that  I  have  added  a  vertical  barrier  to  support  my  coal  resist- 
ance backing  the  new  construction.    That  a  very  small  portion 

^    A 
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of  iny  vessel,  merely  the  segment  of  45  degrees  of  her  round- 
ing, demands  protection.  That  the  coal-bunkers  representing 
coal  at  72  pounds  the  cubic  foot  cannot  come  into  the  cate- 
gory of  bilging  a  compartment,  to  admit  salt  water  at  6  4  "4  the 
cubic  foot.  That  the  bunkers  are  so  arranged  as  to  keep  the 
coal  pressed  home  to  the  sides  and  conduct  the  water  to  the 
bilge.  That  the  vertical  supports  resting  on  the  floor-ends 
sustain  the  vessel  completely  if  she  grounds  ;  and,  finally,  if  she 
grounds  and  makes  a  hole,  these  spaces  under  the  engine-room, 
fore  and  aft,  capable  of  being  made  air-tight,  will,  by  the  common 
sense  operation  of  condensing  air,  drive  out  any  water  that  may 
enter,  as  I  shall  have  occasion  to  illustrate  by  experiment  on 
reading  my  other  paper.  I  have  already  proved,  as  proposed  by 
me  in  1826  in  Bermuda,  and  illustrated  lately  before  a  chairman 
of  the  London  Docks,  that  the  air  in  the  lungs  of  a  man  can 
raise  a  model  lift  for  a  vessel,  representing  about  500  pounds,  in 
about  20  minutes.  That  depends  simply  on  the  modus  operandi; 
and  I  beheve  that  vvith  a  certain  amount  of  scientific  disposition 
in  the  internal  fittings  of  our  ships,  most  of  the  bugbears  of 
sinking  could  be  easily  overcome." 

104.  On  Turret  Ships. — From  an  article  under  this  title  in 
the  "Engineer,"  Sept.  22,  1865,  we  take  the  follo^ving : — "One 
great  objection  to  the  central  battery  system  lies  in  the  difficulty 
met  with  in  training  and  working  heavy  guns.  This  difficulty 
Captain  Coles  overcomes  very  fairly  by  the  aid  of  the  turntable. 
It  is  possibly  not  too  much  to  say  that  no  other  scheme  answers 
the  intended  purpose  better.  The  defect  of  the  turret  system, 
on  the  other  hand,  lies  in  the  difficulty  of  manoeuvring,  mount- 
ing, and  putting  in  motion  an  immensely  heavy  armour-plated 
structure,  carried  so  high  as  almost  to  constitute  that  worst  of 
all  cargoes,  a  moveable  deck  load.  It  is  not  necessary  that  we 
should  enter  upon  the  consideration  of  any  other  of  the  multi- 
farious problems  connected  with  the  subject  of  the  comparative 
merits  of  the  rival  systems.  It  is  probable  that  were  the  ques- 
tion of  working  heavy  guns  once  set  at  rest  by  the  use  of  a 
simple  mechanism,  nearly,  if  not  quite,  unexceptional  in  its  mode 
of  action,  the  battery  system  would  have  greatly  the  advantage 
of  the  turret.  Good  results  might,  we  think,  be  obtained  by 
adopting  a  fixed   cylindrical  or  oval  turret,  armour-plated,  and 
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answering  in  most  respects  to  the  Reed  battery,  within  which 
one  or  two  excessively  heavy  guns  should  be  worked  on  an  inde- 
pendent revolving  turntable.  The  turret  should,  of  course,  be 
provided  with  two,  or  possibly  three  port-holes  on  each  side ;  and 
by  simple  mechanism  the  gun  would  be  trained  to  fire  from  any 
one  of  these  as  might  be  found  expedient ;  the  others,  of  course, 
being  closed  for  the  time  by  heavy  port  shutters  of  armour  plate. 
It  is  unnecessary  to  go  into  details  here.  Engineers  will  per- 
ceive that  the  working  of  these  shutters,  even  if  made  of  8  in. 
iron,  would  entail  no  insuperable  difficulties.  In  point  of  fact, 
means  might  be  adopted  for  excluding  shot,  which,  acting  the 
part  of  a  shutter,  would  yet  be  totally  distinct  from  any  scheme 
yet  employed  to  the  same  end  to  which  the  name  could  be  ap- 
plied with  strict  propriety.  The  range  of  aim  would  not  be 
limited,  as  the  gun  could  be  trained  so  as  to  fire  right  and  left 
through  each  port-hole  at  angles,  which  would  include  a  field 
far  more  extensive  than  that  available  with  any  broadside  port 
now  in  use.  The  advantage  possessed  by  such  a  system  over 
that  of  the  ordinary  turret  would  lie  in  the  fact  that  the  great 
mass  of  the  turret  being  a  fixture  it  could  be  built  in  with,  and 
indeed  form  part  of,  the  ship ;  while  the  rotating  table  and  its 
mechanism  would  be  comparatively  light  and  easily  worked,  and 
would  receive  the  most  absolute  protection  which  armour -plating 
can  bestow.  The  advantage  over  the  central  battery  would  prin- 
cipally reside  in  the  facility  for  working  heavy  guns,  and  of 
obtaining  a  very  wide  range  of  fire  without  moving  the  ship. 
The  circular  form  of  battery,  too,  is  exceedingly  strong,  and 
something  might  be  gained,  doubtless,  in  the  saving  of  weight 
consequent  upon  its  use  as  compared  with  the  square  'box' 
with  armoured  bulk-heads  athwart-ships.  Whatever  may  be  said 
upon  the  subject,  it  is  beyond  question  that  a  better  and  more 
permanent  job  may  be  made  of  a  fixed  than  of  a  moveable  turret, 
and  as  the  great  object  subserved  after  all  by  the  power  of  rota- 
tion is  the  working  of  the  gun  within  the  turret,  it  is  worth  con- 
sidering whether  equally  good  results  may  not  be  obtained  by 
causing  the  guns  to  revolve  without  their  armour.  The  main 
argument,  indeed,  urged  in  favour  of  imparting  rotation  to  the 
turret,  is  based  altogether  on  an  assumed  difficulty  in  providing 
stoppers  for  ports  not  occupied  by  guns.     As  to  this  point  we 
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are  disposed  to  think  that  a  better  expedient  can  be  adopted 
than  one  entailing  the  necessity  of  putting  sixty  or  seventy  tons 
of  iron,  &c.,  in  motion  every  time  a  gun  requires  to  be  trained 
through  a  few  inches." 


DIVISION  TENTH. 

TELEGRAPHIC  CABLES. 

105.  The  Atlantic  Cable. — The  great,  and,  we  may  say,  the 
unfortunate  feature  of  the  year  in  this  department  of  practical 
engineering,  was  the  failure  of  the  attempt  to  lay  the  Atlantic 
cable.  This  failure  has  brought  out,  as  may  be  easily  conceived 
it  was  likely  to  bring  out,  a  large  amount  of  criticism  and  re- 
mark, characterised  by  remarkable  diversity  of  opinion.  To  give 
all  the  papers  which  have  appeared  on  the  subject,  or  indeed  but 
a  brief  abstract  of  them,  would  take  up  a  very  large  portion  of 
our  present  volume;  we  are  compelled,  therefore,  in  view  of  the 
large  amount  of  material  at  command,  to  take  but  here  and  there 
such  a  portion  of  it  as  will  convey  a  fair  notion  as  to  what  has 
been  said  pro  and  con.  The  "  Engineer  "  has  an  article  under 
date  August  18,  1865,  from  which  we  take  the  following: — ; 

"  The  news  which  has  at  last  come  in  from  the  Atlantic  is,  on 
the  whole,  better  than  that  which  the  public  generally  antici- 
pated. The  expedition  returns,  it  is  true,  after  having  failed  to 
carry  out  the  undertaking  for  which  it  was  designed,  but  hopes 
of  future  success  are  strengthened  rather  than  diminished 
by  the  nature  of  the  obstacles  which  have  been  encountered. 
The  cable  has  not  been  lost  altogether,  and  there  is  reason  to 
hope  that  it  may  ultimately  be  recovered.  The  difficulties  which 
have  proved  so  fatal  to  the  present  attempt,  may,  on  another 
occasion,  be  overcome  or  avoided,  and  are  not  fatal  to  the  prin- 
ciple of  ocean  telegraphy.  The  accidents,  indeed,  which  are  said 
to  have  caused  the  loss  of  insulation — Avhich  three  separate  times 
rendered  it  necessary  to  pick  up  the  cable — are  not  only  excep- 
tional in  their  nature,  but  are  so  extraordinary,  and  unlikely  to 
have  occurred,  that  it  is  only  a  strong  belief  in  the  integrity  of 
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the  Construction  Company's  engineers  which  renders  it  possible 
to  accept  their  explanation  of  what  has  taken  place.  According 
to  the  telegram  received  from  Crookhaven,  the  original  cause  of 
the  defeat  which  the  Great  Eastern  has  sustained  was  a  small 
fragment  of  wire,  nipped  from  the  end  of  one  of  the  outer  strands 
of  the  cable  during  the  formation  of  a  splice.     .    ., 

"Meanwhile,  several  things  have  been  ascertained — several 
feats  have  been  accomplished — which  promise  well  for  the  next 
attempt.  Some  of  the  facts  reported  are  unfavourable,  it  is  true, 
but  the  whole  story,  as  given  in  the  Company's  telegram,  is  en- 
couraging. Three  times  did  the  Great  Eastern  grapple  success- 
fully for  the  lost  end,  though  the  water  was  2,000  fathoms  in 
depth.  The  end  was  not  on  any  one  of  these  occasions  brought 
to  the  surface,  but  it  was  found  and  laid  hold  of.  When  we 
consider  the  depth  at  which  this  was  done,  the  friction  of  the 
grappling-rope  in  the  water,  which  added  to  the  difficulty  of  de- 
tecting the  strain  when  the  hook  touched  the  cable,  and  the  pro- 
bability of  passing  over  the  object  sought  without  obtaining  it, 
we  must  grant  that  the  partial  success  of  the  efforts  which  were 
made  is  sufficiently  surprising.  Considering  that  these  attempts 
were  successful  in  what  seemed  the  most  difficult  part  of  the 
work,  it  is,  indeed,  also  surprising  in  a  different  way,  that  each 
time  they  ultimately  failed  by  the  breaking  of  the  grappling 
rope.  It  is  probable  that  the  iron  wire  buoy  rope,  which  was 
made  in  contemplation  of  different  accidents  from  those  which  ac- 
tually took  place,  was  used  with  the  grapnel ;  and  this  Avas  made, 
if  we  remember  rightly,  of  nine  wires — three  strands  of  three 
wires  each — similar  to  those  used  for  the  outer  covering  of  the 
telegraph  cable.  Its  breaking  strain  was  probably  not  less  than 
ten  tons,  and  it  ought,  one  would  have  thought,  to  have  raised 
the  cable  to  the  surface  after  the  grapnel  had  once  caught.  Yet 
in  the  four  attempts  made  it  parted  three  times,  and  only  came 
up  safe  on  the  other  occasion  because  it  had  not  fastened  on  the 
cable.  It  is  tolerably  clear  that  the  slack  of  the  cable  came  up 
safely,  but  that  the  bight  was  not  large  enough  to  reach  the  ship. 
As  soon  as  the  cable  tautened  the  strain  became  too  much  for  the 
grapnel  rope.  Now  it  is  very  easy  to  make  a  rope  to  bear  this 
strain,  but  an  alarming  thought  suggests  itself — Will  the  cable 
bear  it  ?     What  has  been  done  shows  that  a  rope  is  not  lost  be- 
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cause  it  is  allowed  to  fall  to  the  bottom  of  the  Atlantic  Ocean, 
That  is  a  great  discovery,  and  does  much  credit  to  the  engineers, 
who  had  no  experience  to  guide  them  in  making  it ;  for  we  be- 
lieve that  the  greatest  depth  at  which  grappling  had  been  at- 
tempted successfully  before  the  present  expedition  sailed,  was 
600  fathoms.  Of  what  use  is  it,  however,  if  the  tension  on  a 
cable  in  raising  it  through  2,000  fathoms  should  prove  too  much 
for  it  to  bear  1  A  steel  wire  grapnel  rope  could  easily  be  made, 
which  would  stand  a  much  greater  strain  than  would  be  put 
upon  it  by  the  weight  of  the  cable  ;  but  it  is  not  by  any  means 
certain  that  it  would  bring  up  the  electric  cable,  with  a  breaking 
strain  very  little  greater  than  that  of  the  rope  which  has  been 
used  unsuccessfully.  Of  course  there  was  a  greater  strain  on 
this  rope  during  the  grappling  operations  than  on  the  cable  itself ; 
but,  on  the  other  hand,  the  strain  would  increase  very  greatly  as 
the  cable  neared  the  surface,  and  the  length  raised  from  the 
bottom  extended.  This  consideration  may  naturally  give  rise 
to  some  anxiety  with  reference  to  the  success  of  the  next 
attempt. 

"Another  source  of  apprehension  may  be  drawn  from  the  acci- 
dent which  first  led  to  the  necessity  of  grappling — the  fracture 
of  the  cable  at  the  bows  of  the  ship.  The  hauling-in  apparatus 
has  done  its  work  satisfactorily  on  two  occasions,  and  the  acci- 
dent on  the  third  is  not  conclusive  against  it ;  but  for  the  cable 
to  break  on  board  after  it  had  been  fairly  recovered  from  the 
water  is  discouraging 

"  There  is  another  point  in  the  management  to  which  the 
events  described  direct  notice.  When  the  loss  of  insulation  was 
discovered,  electrical  tests  put  the  fault  six  miles  from  the  ship. 
Surely  it  is  strange  that  six  miles  were  payed  out  without  a  test 
for  insulation  having  been  applied  during  the  whole  time.  The 
public  was  given  to  understand  that  currents  were  flowing  through 
the  cable  constantly,  and  that  its  condition  was  incessantly 
watched  by  the  electricians.  Now  it  is  revealed  that  tlie  whole 
staff  were  in  ignorance  of  the  state  of  the  cable  during  the  best 
part  of  an  hour,  for  the  Great  Eastern  must  liave  taken  nearly 
that  time  in  paying  out  six  miles.  Considering  that  Mr.  De 
Sauty  refused  to  allow  any  verbal  message  to  pass  through  tlie 
cable   during  the  voyage,   on  the  ground  that  such   messages 
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would  interfere  with  the  constant  vigilance  necessary  to  ensure  a 
good  result,  the  inference  that  we  are  bound  to  draw  from  the 
facts  before  us  is  not  a  little  astonishing." 

In  an  article  in  the  "  Mechanics'  Magazine,"  August  25,  1865, 
the  "  past "  and  the  "  future  "  are  treated  of ;  we  take  from  this 
the  section  on  the  future. 

"  To  pass  at  one  bound  from  a  retrospective  to  a  prospective 
view  of  matters  is  in  this  instance  admissible,  inasmuch  as  the 
past  and  future  of  the  Atlantic  telegraph  cable  are  connected  by 
a  present  which  consists  now  of  only  a  single  link ;  that  link 
being  the  fact  that  1,200  miles  of  cable  lie  stretched  across  the 
bed  of  the  Atlantic.  But  its  future  commences  now,  nay,  it 
commenced  as  soon  as  the  '  Great  Eastern '  had  recounted  her 
history;  so  to  that  future  let  us  turn.  As  a  starting  point,  we 
will  take  the  conclusions  which  may  be  legitimately  drawn  from 
the  foregoing  narrative.  The  perfect  adaptability  of  the  '  Great 
Eastern '  for  the  work  of  laying  down  the  cable  is  evidenced  by 
the  fact,  that  in  a  stiff  breeze,  when  the  sea  was  washing  over 
the  '  Terrible,'  scarcely  any  motion  was  perceptible  in  the  '  Great 
Eastern,'  her  greatest  roll  being  7^  degs,,  and  her  greatest  pitch- 
ing 1  to  l^J:  deg.  The  big  ship,  therefore,  by  her  wonderful 
steadiness  at  sea,  and  from  the  facihties  for  steering  which  her 
screw  and  paddle  engines  afford,  is  proved  to  be  eminentlj'' 
adapted  for  cable-laying.  But  to  render  her  fit  for  future  service 
she  unquestionably  requires  careful  overhauling  and  repair.  Im- 
provements will  have  to  be  made  in  the  arrangement  of  her  tanks 
and  coils,  whereby  she  may  carry  her  full  complement  of  boilers, 
for  it  can  be  imagined  she  must  labour  under  a  disadvantage 
when  working  minus  two  boilers.  Amongst  other  things  requir- 
ing attention  to  the  end  that  she  may  be  made  truly  serviceable, 
are  certain  points  of  construction  which  at  the  present  time  appear 
rather  weak.  The  strengthening  is  proposed  by  Mr.  Fairbairn 
to  be  effected  by  placing  additional  stringer  plates  on  the  upper 
deck,  and  probably  a  short  way  down  the  sides,  so  as  to  increase 
the  ship's  powers  of  resistance  to  strain  with  a  heavy  cargo  on 
board,  such  as  she  had  from  the  Nore  to  Valentia.  This  being 
done,  the  '  Great  Eastern '  may  with  safety  be  trusted  on  any  sea 
and  in  any  weather.  It  may  be  that  the  future  of  this  vessel 
will  become  entirely  identified  with  the  pursuits  to  which  she 
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Las  been  so  appropriately  appointed,  and  for  which  she  is  so 
admirably  fitted. 

"  With  regard  to  the  machinery  for  laying  the  cable,  nothing 
that  can  be  said  in  its  favour  appears  too  strong  praise ;  whilst 
the  reverse  of  this  holds  with  respect  to  the  hauhng-in  apparatus 
and  tackle.  But  it  must  in  fairness  be  said  that  such  a  con- 
tingency as  having  to  pick  up  the  lost  cable  from  a  depth  of  two 
miles  and  a  half  was  never  anticipated ;  hence  the  failure — the 
grappling  gear  was  inefficient.  The  remedy  will  be  to  have  an 
engine  fitted  to  the  paying-out  apparatus,  so  that  in  case  of  need 
its  action  can  be  reversed  and  the  machine  used  for  hauling  in. 
This  would  enable  a  fault — if  such  occurred — to  be  recovered 
very  soon  after  it  had  left  the  ship,  immense  time  also  being 
saved  by  avoiding  the  operation  of  shifting  the  cable  from  stern 
to  head.  Machinery  will  also  be  fitted  in  the  bows  of  the  vessel 
for  the  purpose  of  fishing  up  the  present  cable.  All  these  of 
course  are  simple  matters  of  detail,  the  best  methods  of  arrang- 
ing which  will  be  d  ^termined  by  the  experiences  recently  gained. 
The  picking-up  apparatus,  too,  will  of  course  be  constructed  con- 
sistently with  the  duty  it  has  to  perform  in  recovering  the  cable, 
which  duty  has  been  well  ascertained,  so  that  no  excuse  is  left 
for  mechanical  failure  in  this  respect.  The  question  had  not 
been  practically  dealt  with  before,  and  so  was  unprovided  for,  or 
we  should  probably  now  be  recording  congratulatory  messages 
carried  by  the  subtle  fluid  from  President  Johnson  to  Queen 
Victoria. 

"  The  cable  itself  has  all  the  requisites  of  strength  and  the 
right  specific  gravity ;  it  never  went  over  the  stern  at  a  greater 
angle  than  7  deg.,  and  never  showed  a  greater  strain  than  14 
cwt.  upon  the  dynamometer.  Its  insulation  improved  daily  as 
the  cable  became  influenced  by  the  lower  temperature  of  the 
deep  ocean.  Its  present  failure  is  due  principally  to  one  of  its 
own  wires  having .  penetrated  the  gutta-percha  core,  and  this 
cause  has  been  so  far  fatal  only  because  it  was  not  anticipated. 
Every  kind  of  experiment  had  been  previously  resorted  to,  but 
the  wire  never  before  penetrated  the  core.  This,  taken  in  con- 
nection with  other  circumstances,  appears  to  have  directed  some 
of  the  leading  minds  to  the  conclusion  that  the  faults  were  the 
result  of  malice,  although  Captain  Anderson  incUnes  to  a  con- 
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trary  opinion,  believing  them  to  be  the  result  of  accident.  But 
whichever  way  the  truth  may  lie,  it  certainly  follows  that  such 
appliances  only  should  be  used  as  would  prevent  the  recurrence 
of  such  fatal  results.  In  order  to  afford  additional  secmity, 
Captain  Anderson  suggests  that  the  outer  protecting  wires  should 
be  formed  of  a  number  of  smaller  ones,  so  that  no  single  wire 
would  be  sufficiently  strong  to  penetrate  the  core ;  or  if  necessary, 
the  core  might  be  covered  with  canvas  or  wire  gauze  to  make  it 
still  more  secure.  The  cable  is  perfect  in  its  insulation  ;  it  pos- 
sesses the  right  specific  gravity,  the  right  strength,  and  fails  only 
in  one  respect — that  of  being  capable  of  wounding  itself.  But 
there  is  enough  of  experience  now  to  check  its  suicidal  tendencies, 
or  if  not  to  prevent,  at  any  rate  to  remedy,  at  once  any  wound 
that  may  be  inflicted,  whether  by  itself,  or  by  Mr.  Russell's 
*  cable  assassin.' 

"In  the  ordinary  course  of  things,  and  had  there  been  no  let 
or  hindrance  on  the  part  of  the  vessel  herself,  the  *  Great  Eastern ' 
would  probably  be  dispatched  on  the  voyage  of  recovery  a  few 
weeks  hence,  armed  with  efficient  picking-up  tackle.  But  as  the 
necessary  repairs  will  occupy  some  two  months,  the  expedition 
could  not  leave  early  enough  for  useful  effect.  Winter  gales 
would  probably  drive  the  ship  from  her  work,  and  without  the 
sun  the  locality  of  the  cable  could  not  be  discovered.  It  has 
therefore  been  concurrently  determined  by  all  interested  in  the 
question,  that  the  better  plan  will  be  to  delay  the  voyage  until 
May  next  year.  In  the  meantime  a  new  cable  will  be  manu- 
factured, which  will  be  sent  out  in  the  '  Great  Eastern '  when  she 
goes  to  recover  the  other  one.  This  cable  will  be  of  the  same 
character  as  the  last,  with  the  exception  perhaps  of  a  slight  addi- 
tion to  its  outer  covering,  but  which  will  in  no  way  interfere 
with  its  specific  gravity,  or  any  other  condition  already  proved  to 
be  satisfactory.  The  process  of  picking  up  the  cable  will,  doubt- 
less, be  on  this  wise  : — The  *  Great  Eastern '  will  proceed  to 
within  ten  miles  of  the  extremity  of  the  cable,  so  as  to  keep  clear 
of  the  grapnels  and  tackle  now  resting  on  it.  She  will  then 
drag  until  the  grapnel  bites,  when  she  will  commence  hauling  in. 
Another  vessel — say  the  *  Terrible ' — will  be  going  through  the 
same  'operation  a  mile  to  the  east  of  the  *  Great  Eastern.'  The 
latter  vessel  having  obtained  a  hold  will  probably  break  the  cable 
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in  the  lift,  and  will  then  proceed  eastward  on  the  course  of  the 
cable  about  half  a  mile  astern  of  the  *  Terrible,'  where  she  will 
again  grapple  for,  and  no  doubt  lay  hold  of,  the  cable,  which, 
'with  the  bight  thus  formed,  will  be  comparatively  easy  of  re- 
covery. The  recent  deliberations  of  the  boards  of  the  several 
companies  interested  in  the  Atlantic  telegraph  cable  have  been 
distinguished  by  a  spirit  of  the  utmost  confidence  in  the  realisa- 
tion of  a  great  success  next  year.  Xot  the  slightest  doubt  is 
entertained  as  to  finding,  with  the  greatest  precision,  the  position 
of  the  broken  end  by  solar  observation,  and  of  eventually  raising 
and  repairing  the  cable.  The  animating  principle  is  a  determina- 
tion to  perfect  the  telegraphic  communication  between  England 
and  America,  which  object  we  doubt  not  will  ultimately  be 
effected." 

The  following  is  from  an  article,  Sept.  1st,  1865,  in  the  "Civil 
Engineer  and  Architect's  Journal:" — The  second  attempt  to 
make  telegraphic  communication  between  England  and  America 
has  failed  more  completely  than  the  first :  for  that  cable,  with  all 
its  faults,  was  stretched  from  shore  to  shore,  and  for  two  days 
messages  were  transmitted,  though  at  a  slow  rate.  The  experi- 
ence then  gained,  the  increased  knowledge  respecting  the  con- 
ducting power  of  pure  copper,  the  improved  mode  of  insulation, 
the  precautions  taken  in  making  the  cable,  and  the  greatly  superior 
appliances  to  prevent  accident  in  laying  it,  have  proved  of  no 
avail ;  and  it  now  lies  broken  and  useless,  two  miles  under  water, 
in  the  midst  of  the  Atlantic. 

"  The  misfortune  is  said  to  have  arisen  from  circumstances  that 
might  be  guarded  against  on  another  trial,  and  sanguine  hopes 
are  entertained  that  the  broken  end  may  be  raised  and  spliced  lo 
the  remaining  portion  still  on  board  the  Great  Eastern,  and  thus, 
after  all,  the  great  object  may  be  accomplished  by  the  means 
already  at  command.  We  hope  it  may  be  so,  but  we  do  not  see 
much  ground  whereon  to  rest  confident  expectation.  Great  care 
was  taken  by  the  conductors  of  the  undertaking  to  prevent  any 
reporters  for  the  press  from  being  on  board  to  give  an  independent 
account  of  their  proceedings ;  and  the  diary  that  has  been  pub- 
lished, written  by  Mr.  Russell,  former  special  correspondent  of 
the  Times,  is  admitted  to  be  the  account  of  a  gentleman  who  is 
connected  with  the  undertaking The  gutta-percha 
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being  compressible,  it  is  natural  to  infer  that  at  the  bottom  of 
the  Atlantic  it  would  be  compressed  into  a  smaller  compass  round 
the  conducting  core  of  copper  wire,  and  that  it  would  conse- 
quently be  separated  from  the  external  wire  rope.  If  that  were 
so — and  we  are  led  to  suppose  it  must  have  been,  by  the  reported 
improvement  in  the  insulation  as  the  pressure  increased — the 
strength  of  the  cable  would  be  greatly  diminished  by  its  separa- 
tion into  parts,  and  the  stretching  power  of  the  external  wire 
covering  would  be  increased  as  compared  with  that  of  the  core. 
It  is  important,  therefore,  to  know  what  actually  was  the  condi- 
tion of  that  portion  of  the  cable  on  which  its  strength  mainly 
depended,  and  of  that  Mr.  Eussell  says  nothing.  It  is  no  less 
important  to  be  made  acquainted  with  the  success  of  the  attempt 
to  increase  the  rapidity  of  the  signals  by  adopting  a  plan  that 
appears  the  reverse  of  that  which  a  knowledge  of  the  ordinary 
conditions  of  the  conduction  of  electricity  would  seem  to  dictate. 
It  is  a  well-established  fact  that  the  thicker  the  conducting  wire 
the  less  resistance  is  offered  to  the  transmission  of  electricity, 
and  it  seems  most  extraordinary,  on  looking  at  a  section  of  the 
Atlantic  cable,  that  the  inner  core  intended  to  conduct  the  elec- 
tricity should  be  so  small.  The  reason  for  adopting  so  diminu- 
tive a  conducting  wire  was  this  :  when  a  wire  covered  with  gutta- 
percha is  immersed  in  water,  and  a  current  of  electricity  is 
transmitted,  it  becomes  charged  like  a  Ley  den  jar.  The  conduct- 
ing wire  serves  as  the  inner  coating  of  the  jar,  the  gutta-percha 
acts  the  same  part  as  the  glass,  and  the  water  is  the  outer  con- 
ducting coat.  Such  a  wire,  when  of  great  length,  if  charged 
with  electricity  retains  the  charge  for  some  time ;  in  the  same 
manner  as  a  Leyden  jar  retains  some  portion  of  electricity  after 
connection  has  been  made  between  the  inner  and  outer  coating. 
Thus,  when  an  electric  signal  is  sent  through  a  submarine  wire, 
part  of  the  electricity  is  retained  by  the  gutta-percha,  and  ob- 
structs the  transmission  of  the  succeeding  signals,  and  some  time 
is  required  before  the  wire  is  sufficiently  free  from  electricity 
to  enable  it  to  do  so.  That  was  the  cause  of  the  slowness  with 
which  the  messages  were  transmitted  through  the  first  Atlantic 
cable — the  rate  of  transmission  being  about  two  words  per 
minute.  To  increase  the  rapidity  of  transmission,  it  was  proposed 
to  increase  the  thickness  of  the  gutta-percha  covering,  for  as  a 
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thick  glass  jar  cannot  be  readily  charged  with  electricity,  it  was 
supposed  that  the  thicker  the  gutta-percha  compared  with  the 
size  of  the  conducting  core  the  less  would  be  the  degree  of  re- 
tention. That  was  found  to  be  the  case  on  making  experiments 
with  gutta-percha  of  various  thicknesses ;  hence  it  was  concluded, 
that  by  greatly  increasing  the  thickness  of  the  insulator,  messages 
might  be  transmitted  through  submarine  wires  with  little  obstruc- 
tion. The  name  *  induction '  was  given  to  the  retentive  power 
of  the  gutta-percha,  and  by  giving  it  that  name  great  advance 
was  supposed  to  be  made  in  the  knowledge  of  the  subject.  The 
question  was  unfortunately  taken  up  by  mathematicians,  who  dis- 
covered or  invented  formulae  for  determining  the  proportionate 
thicknesses  of  the  gutta-percha  and  the  conducting  wire  best 
adapted  to  prevent  'induction.'  The  view  of  the  subject  of  sub- 
marine telegraphy  was  thus  completely  changed.  It  became  a 
question  of  charge  and  discharge  instead  of  conduction,  and  it 
was  considered  that  the  best  means  of  establishing  rapid  tele- 
graphic communication  was  to  diminish  the  conducting  wire  to 
the  smallest  size,  and  to  increase  the  insulating  coating.  On  that 
principle  the  two  Atlantic  cables  were  constructed.  The  strands 
of  conducting  copper  wires  were  little  thicker  than  common  bell 
wire,  their  insulation  was  carefully  provided  for,  and  they  were 
protected  from  injury  by  an  external  covering  of  wire  rope,  of 
which  the  insulator  formed  the  core.  The  consideration  of  the 
conducting  power  and  strength  of  the  copper  wire  was  entirely 
sacrificed  to  that  of  diminishing  induction  and  increasing  the 
rapidity  of  transmission ;  and  it  is  most  essential  the  public  should 
be  informed  whether  that  object  was  attained,  for  as  yet  we  are 
in  ignorance  of  the  rate  of  transmission  so  far  as  communication 
was  maintained. 

"  If  the  stretching  power  of  the  conducting  strand  of  wires 
were  not  equal  to  that  of  the  outer  wire  rope,  it  would  have  to 
bear  a  strain  enough  to  break  it  at  any  moment,  and  we  should 
like  to  be  correctly  informed  whether  the  occasional  interruptions 
to  the  communication,  attributed  to  'defective  insulation,'  were 
not,  in  point  of  fact,  due  to  the  rupture  of  some  of  the  strands 
of  the  conducting  wire.  The  necessity  for  perfect  insulation  is 
one  of  the  bugbears  of  marine  telegraphy.  "VVe  have  seen  very 
distinct  signals  transmitted  through  entirely  unprotected  thin  wire 
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stretched  through  100  yards  of  water.  The  thicker  the  wire  the 
less  would  have  been  the  quantity  of  electricity  diverted  from  its 
course ;  and  it  is  a  problem  we  would  submit  to  the  mathemati- 
cians to  solve  ;  if  any  uninsulated  copper  wire  one-sixteenth  of 
an  inch  in  diameter  transmits  electricity  across  100  yards  of 
water,  what  thickness  should  such  a  wire  be  to  transmit  signals 
from  Ireland  to  America  1  At  all  events,  it  would  be  as  profit- 
able a  speculation  as  the  consideration  of  the  minimum  size  of 
wire  for  such  a  purpose. 

"  Ordinary  knowledge  of  the  property  of  conduction  dictates 
that  the  principle  on  which  an  electric  telegraph  to  America 
should  be  constructed,  is  that  of  making  the  conducting  wire  of 
the  greatest  thickness  compatible  with  the  flexibility  required 
for  laying  it  down.  It  was  suggested  by  Mr.  Bakewell,  in  a  pa- 
per read  at  the  meeting  of  the  British  Association,  ten  years  ago, 
that  the  conducting  wire  of  an  Atlantic  telegraph  should  be  essen- 
tially self-protective.  The  only  external  protection  it  requires  is 
near  the  shore,  but  at  great  depth  in  the  ocean  no  external  cover- 
ing is  necessary.  A  telegraph  of  that  kind  might  be  established 
at  comparatively  small  expense,  and  it  might  be  stretched  across 
the  Atlantic  with  much  less  difficulty  than  an  elaborately  fabri- 
cated cable.  It  might  be  covered  with  a  sufficient  thickness  of 
gutta-percha  to  diminish  the  specific  gravity  to  little  more  than 
sea-water,  for  it  is  not  necessary  the  wire  should  rest  on  the  bed 
of  the  ocean.  A  wire  rope  made  of  the  purest  copper,  one- 
quarter  of  an  inch  in  diameter,  well  coated  with  gutta-percha, 
might,  there  can  be  no  doubt,  be  extended  to  America  without 
much  difficulty,  and  if  such  a  means  of  communication  were 
formed,  the  electrical  difficulty  of  transmitting  signals  through 
it — if  any  such  difficulty  were  found  to  exist — would  be  soon 
overcome.  At  all  events,  such  a  plan  is  more  feasible,  more  in 
accordance  with  the  known  facts  of  the  conduction  of  electricity, 
and  would  be  very  much  less  expensive,  than  the  construction  of 
a  complicated  heavy  cable,  that  can  only  be  laid  down  in  the 
Atlantic  under  specially  favourable  circumstances,  and  which  de- 
pends for  its  action  on  the  principle  of  charge  and  discharge, 
instead  of  on  the  conduction  of  electricity." 
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DIVISION  ELEVENTH. 
BUILDING  MATERIALS. 

106.  Preservation  of  Stone. — On  this  important  subject,  to 
which,  of  late  great  prominence  has  been  given,  the  "  Building 
News  "  has  the  following :  —  "  Public  attention  will  soon  be 
called  to  the  relative  success  of  the  competitors  for  the  preserva- 
tion of  the  stone  of  our  new  palace  at  Westminster.  It  is  to  be 
regretted  that  the  season  of  testing  should  have  been  allowed  to 
pass  without  ascertaining  the  positive  merits  of  a  promising  pro- 
cess patented  by  M.  De  Wylde,  who  introduced  silicate  of  pot- 
ash into  this  country,  and  who,  under  the  patronage  of  His  late 
Eoyal  Highness  Prince  Albert,  apphed  the  silicate  to  many  im- 
portant uses.  The  inventor  applied  for  leave  to  enter  the  list  of 
competitors  on  the  Houses  of  Parliament,  which  was  denied  him, 
the  reason  alleged  baing  that  his  process  was  one  of  a  class  re- 
presented by  other  competitors.  This,  however,  is  not  the  case, 
as  the  following  facts  will  show.  No  application  of  the  silicates 
has  yet  been  made  without  the  menstrum  in  which  the  silica  is 
dissolved  proving  hurtful  to  the  stone  to  which  it  is  applied ;  or 
if,  by  the  use  of  two  agents — or  an  agent  and  reagent — the  men- 
strum  is  changed  into  a  salt,  that  is  equally  hurtful,  being  set 
free  to  crystallise  in  the  stone,  and  thus  break  up  its  texture.  We 
can  thus  far  see  the  importance  of  every  application  being  free 
from  any  deteriorating  constituent  itself,  or  in  any  way  eliminat- 
ing such  constituent  during  or  subsequent  to  its  application.  A 
now  old  and  exploded  theory  of  preserving  stone  by  silicate  of 
lime  was  in  practice  as  follows : — Silicate  of  soda  and  chloride  of 
calcium  (lime)  were  applied  in  successive  coatings.  Suppose  that 
a  silicate  of  lime  was  formed  in  the  stone,  there  was  the  soda 
that  the  silicate  of  lime  did  not  want,  and  the  chlorine  that  it 
also  could  not  in  its  new  condition  find  use  for,  and  thus  was  a 
chloride  of  sodium  formed,  which  unquestionably  did  more  harm 
to  the  stone  than  the  silicate  of  lime  did  good.  M.  de  Wylde 
obtains  his  deposit  of  silicate  of  alumina  free  from  an  excess  of 
alkali,  or  from  any  salt  by  elimination.  Silicate  of  alumina,  say 
of  the  class  of  which  feldspar  is  constituted,  must  have,  in  order 
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to  its  being  a  silicate,  and  possessing  the  qualities  of  the  above- 
named  mineral,  a  certain  proportion  of  potash  ;  and  the  import- 
ance of  this  constituent  is  nowhere  more  proved  than  in  the  fact 
of  granitic  rock  breaking  up  after  the  resistance  of  the  action  of 
time  for  centuries,  by  the  abstraction  of  the  potash  from  the  feld- 
spar. This  alkali  gone,  the  feldspar  breaks  up,  and  the  whole 
mass  of  that  hard  and  durable  rock  falls  to  decay.  Silicate  of 
alumina,  therefore,  owes  not  only  its  name,  bat  its  durability,  to 
a  due  proportion  of  potash.  This  alkali,  however,  must  not  be 
in  excess,  or  damage  to  the  stone,  and  the  deterioration  of  the 
deposited  substance  must  evidently  be  the  result.  The  avoid- 
ance of  this  ever-present  stumbling-block  has  been  secured  by 
the  use  of  a  very  beautiful  preparation  called  allotropic  alumina. 
In  its  manufacture,  a  solution  of  acetate  of  alumina  is  exposed 
to  long  and  gentle  heat,  by  which  the  acetic  acid  is  gently  re- 
moved by  vaporisation,  the  water  always  being  kept  at  the  same 
level.  Thus  is  the  alumina  left  in  solution  in  the  water  without 
acid  or  alkali,  a  fact  the  wonderful  character  and  importance  of 
which  can  only  be  appreciated  by  the  chemical  world. 

"  Here,  however,  is  the  solution  of  the  problem :  silicate  of 
potash,  soluble,  has — we  will  say — 2  parts  of  potash  to  1  of  si- 
lica ;  the  insoluble  modification  has,  say  1  part  potash  and  1  part 
silica.  Bearing  this  in  mind,  we  shall  see  that  if  we  admit  the 
alumina  to  appropriate  a  share  of  the  alkali  we  take  from  the 
soluble  silicate  the  one  part  of  potash  necessary  to  its  soluble 
condition,  a/Lid  bring  it  at  once  to  the  insoluble  modification,  the 
whole  forming  a  true  silicate  of  alumina  insoluble  and  devoid  of 
a  free  salt  of  any  kind.  The  case  may  be  more  plainly  seen  by 
contrast  with  another  existing  process ;  indeed,  one  of  those  at 
present  under  probation  at  the  Houses  of  Parliament.  In  the 
latter  process  the  one  part  of  alumina  is  dissolved  in  two  parts  of 
potash,  and  the  one  part  of  silica  in  two  parts  of  potash.  The 
admixture  of  these  certainly  results  in  a  solidification  of  the  min- 
eral constituents  by  the  ajffinity  of  the  silica  for  the  alumina  ;  but 
seeing  that  to  form  these  two  bases  into  an  insoluble  silicate  only 
two  parts  of  potash  are  required,  we  would  ask  red  tapeism  how 
it  has  provided  for  the  exit  of  the  remaining  two  parts  of  free 
alkali  from  the  stone. 


Silicate  of  Alumina. 
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"  The  following  is  a  table,  illustrating  the  old  and  new  sys- 
tems of  applying  silicate  of  alumina  : — 

New  System. 

Silicate  of  Potash.  y 

Silica 1 

Potash 2 

Water 
Allotropic  Alumina. 

Alumina 1 

Water 

Old  System. 

Silicate  of  Potash. 

Silica 1 

Potash  2 

Water 
Aluminate  of  Potash. 

Alumina 1 

Potash  2 

Water  j 


Silicate  of  alumina  with 
excess  of  potash. 


107.  LimeSy  Cements^  Mortars,  and  Concretes.*  By  Chas. 
H.  Haswell. — "  The  calcination  of  marble  or  any  pure  limestone 
produces  lime  (quicklime).  Lime,  from  its  great  affinity  for  mois- 
ture and  carbonic  acid,  requires  to  be  preserved  from  these  de- 
teriorating agents  by  being  packed  in  close  vessels. 

"  Limestones. — The  pure  limestones  burn  to  a  white  lime,  and 
give  the  richest  limes. 

"  The  finest  calcareous  minerals  are  the  rhombohedral  prisms 
of  calcareous  spar,  the  transparent  double-reflecting  Iceland  spar, 
and  white  or  statuary  marble. 

"  In  order  that  lime  when  brought  to  the  condition  of  a  paste 
for  use  as  a  binding  medium  shall  afterwards  harden  to  solidity, 
it  is  necessary  that  other  substances  exist  in  a  state  of  inter- 
mixture with  it;  and  these  substances  are  found  to  be  silica, 
alumina,  magnesia,  iron,  manganese,  &c. 

"  The  striking  and  characteristic  property  of  hardening  under 
water,  or  when  excluded  from  the  air,  conferred  upon  a  paste  of 
lime  by  these  foreign  substances,  when  their  aggregate  amount 

*  Collected  from  the  observations  and  experiments  of  Generals  Gilmore  and 
Totten,  U.S.A.,  and  MM.  Vicat,  Chatoney,  Rivot,  and  Dupont.  (From 
tliie  Journal  of  the  Franklin  Institute. ) 
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exceeds  one-tenth  of  the  whole,  furnishes  the  basis  for  a  general 
arrangement  of  all  natural  or  artificial  products  suitable  for 
mortars,  into  five  distinct  classes,  as  follows : — 

"  1 .  The  common  or  fat  limes. 

"  2.  The  poor  or  meagre  limes. 

**'  3.  The  hydraulic  limes. 

"  4.  The  hydraulic  cements. 

"  5.  The  natural  puzzuolanas,  including  puzzuolana  properly  so 
called,  trass  or  terras,  the  arenes,  ochreous  earths,  schists,  grau- 
wack  ,  and  basaltic  sands,  and  a  variety  of  similar  substances. 

"  Eich  limes  are  dissolved  fully  in  water  frequently  renewed, 
and  they  remain  a  long  time  without  hardening ;  they  also 
increase  greatly  m  volume,  from  2  to  3  "5  times  their  original 
bulks,  and  will  not  harden  without  the  action  of  the  air.  They 
are  rendered  hydraulic  by  the  admixture  of  puzzuolana  or  trass. 

"  Rich,  fat,  or  common  limes  usually  contain  less  than  1 0  per 
cent,  of  impurities. 

"  Hydraulic  limestones  are  those  which  contain  iron  and  clay, 
so  as  to  enable  them  to  produce  cements  which  become  solid 
when  under  water. 

"  The  pastes  of  fat  limes  shrink,  in  hardening,  to  such  a  degree 
that  they  cannot  be  used  as  mortar  without  a  large  dose  of  sand. 

"  Poor  limes  have  all  the  defects  of  rich  limes,  and  increase 
but  slightly  in  bulk. 

"  The  poorer  limes  are  invariably  the  basis  of  the  most  rapidly 
setting  and  most  durable  cements  and  mortars,  and  they  are  also 
the  only  limes  which  have  the  property,  when  in  combination 
with  silica,  &c.,  of  indurating  under  water,  and  are,  therefore, 
applicable  for  the  admixture  of  hydraulic  cements  or  mortars. 
They  generally  contain  silica  (in  the  shape  of  sands),  alumina, 
magnesia,  oxide  of  iron,  oxide  of  manganese,  and  in  most  cases 
traces  of  the  akalies  in  relative  proportions,  which  vary  very 
considerably  in  different  localities.  Their  aggregate  amount  is 
seldom  less  than  '10  or  greater  than  "25,  though  in  some  varieties 
it  reaches  as  high  as  "35,  and  even,  though  rarely,  "39  of  the 
whole.  In  slaking,  they  proceed  sluggishly  as  compared  with 
the  rich  limes,  and  seldom  produce  a  homogeneous  and  impal- 
pable powder.  They  exhibit  a  more  moderate  elevation  of  tem- 
perature   in  slaking,  and  are  accompanied  by   a  much  smaller 

2  B 
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increase  of  volume  than  rich  limes.  Like  the  latter,  they  dis- 
solve in  water  frequently  renewed,  though  more  sparingly,  owing 
to  the  presence  of  a  larger  amount  of  impurities,  and  like  them, 
they  will  jiot  harden  if  placed  in  a  state  of  paste  under  water  or 
in  wet  soil,  or  if  excluded  from  contact  with  the  atmosphere,  or 
carbonic  acid  gas.  They  should  be  employed  for  mortar  only 
when  it  is  impossible  to  procure  common  or  hydraulic  lime,  or 
cement,  in  which  case  it  is  recommended,  if  practicable,  to 
reduce  them  to  powder  by  grinding. 

"Lime  absorbs  in  slaking  a  mean  of  2'5  times  its  volume  and 
2*25  times  its  weight  of  water. 

"  Hydraulic  Umes  are  those  which  readily  harden  under  water. 
The  most  valuable,  or  '  eminently  hydraulic,'  set  from  the  second 
to  the  fourth  day  after  immersion ;  at  the  end  of  a  month  they 
become  hard  and  insoluble,  and  at  the  end  of  six  months  they 
are  capable  of  being  worked  like  the  hard  natural  limestones. 
They  absorb  less  water  than  the  pure  limes,  and  only  increase  in 
bulk  from  1*75  to  2  5  times  their  original  volume. 

"The  inferior  grades,  or  'moderately  hydraulic,'  require  a 
longer  period,  say  from  fifteen  to  twenty  days'  immersion,  and 
continue  to  harden  for  a  period  of  six  months. 

"  The  property  of  hardening  under  water,  or  when  excluded 
from  air,  conferred  upon  a  paste  of  lime,  is  eifected  by  the  pre- 
sence of  foreign  substances,  as  silicum,  alumina,  iron,  &c.,  when 
their  aggregate  presence  amounts  to  one-tenth  of  the  whole. 

"The  resistance  of  hydraulic  lime  increases  if  the  sand  is 
mixed  in  the  proportion  of  50  to  180  per  centum  of  the  part  in 
volume;  from  thence  it  decreases. 

"  As  a  general  rule  these  limes  undergo,  in  slaking,  an  increase 
of  volume  inversely  proportional  to  their  hydraulicity  and 
quickness. 

"  Slaked  lime  is  a  hydrate  of  lime. 

"  M.  Vicat  declares  that  lime  is  rendered  hydraulic  by  the  ad- 
mixture of  a  proportion  of  from  33  to  40  per  centum  of  clay  and 
silica,  and  that  a  lime  is  obtained  which  does  not  slake,  and 
which  quickly  sets  under  water. 

"  Artificial  hydraulic  limes  do  not  attain,  even  under  favour- 
able circumstances,  the  same  degree  of  hardness  and  power  of  re- 
sistance to  compression  as  the  natural  limes  of  the  same  class. 
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"  The  close-grained  and  densest  limestones  furnish  the  best 
limes. 

"  Hydraulic  limes  lose  or  depreciate  in  value  by  exposure  to 
the  air, 

"  Ar^nes  is  a  species  of  ochreous  sand  claimed  to  be  of  fossil 
origin.  It  is  found  in  France.  On  account  of  the  large  propor- 
tion of  clay  it  contains,  sometimes  as  great  as  seven-tenths,  it  can 
be  made  into  a  paste  with  water  without  any  addition  of  lime, 
and  hence  it  is  sometimes  used  in  that  state  for  walls  constructed 
en  pise,  as  well  as  for  mortar.  Mixed  with  rich  lime  it  gives 
excellent  mortar,  which  attains  great  hardness  under  water  and 
possesses  great  hydraulic  energy. 

"  Puzzuolana  is  of  volcanic  origin.  It  comprises  trass  or  ter- 
ras, the  ardues,  some  of  the  ochreous  earths,  and  the  sand  of  cer- 
tain grauwacke.s,  pramuntes,  granites,  schists,  and  basalts ;  their 
principal  elements  are  silica  and  alumina,  the  former  prepon- 
derating. None  contain  more  than  1 0  per  cent,  of  lime.  When 
finely  pulverised  without  previous  calcination,  and  combined 
with  the  paste  of  fat  lime,  in  proportions  suitable  to  supply  its 
deficiency  in  that  element,  it  possesses  hydraulic  energy  to  a 
valuable  degree.  It  is  used  in  combination  with  rich  lime,  and 
it  may  be  made  by  slightly  calcining  clay,  and  driving  off  the 
water  of  combination  at  a  temperature  of  1200°. 

"  Trass  or  terras  is  a  blue-black  trap,  is  also  of  volcanic  origin. 
It  is  obtained  from  pits  of  extinct  volcanoes,  and  has  nearly  all 
the  distinguishing  elements  of  puzzuolana,  resembling  it  in  com- 
position and  in  the  requirements  of  its  manipulation,  requiring 
to  be  pulverised  and  combined  with  rich  lime,  to  render  it  fit  for 
use  and  to  develop  any  of  its  hydraulic  properties.  (For  an 
analysis  of  them,  see  Burnell  on  Limes,  Cements,  Mortars,  &c.) 

"  Brick  or  tile  dust  combined  with  rich  lime  possesses  hydrau- 
lic energy. 

"  General  Gilmore  designates  the  varieties  of  hydraulic  limes 
as  follows :  if,  after  being  slaked,  they  harden  under  water  in 
periods  varying  from  fifteen  to  twenty  days  after  immersion, 
slightly  hydraulic ;  if  from  six  to  eight  days,  hydraulic ;  if  from 
one  to  four  days,  eminently  hydraulic. 

"  The  aggregate  of  silica,  alumina,  magnesia,  oxide  of  iron,  &c., 
contained  in  these  limes  seldom  exceeds  '35  of  the  whole.     The 
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proportion  in  the  first  class  varying  from  "10  to  '20  of  the  whole, 
in  the  second  class  from  '17  to  '24:,  and  in  the  latter  class  from 
•20  to  -35. 

"  Pulverised  silica  burned  with  rich  lime  produces  hydraulic 
lime  of  excellent  quality.  In  experiments  by  MM.  Chatoney 
and  Rivot,  this  lime  hardened  under  water  in  from  three  to  four 
days,  and  acquired  in  twenty-two  months  a  hardness  superior  to 
Portland  cement.  The  weight  of  the  powdered  lime  never  ex- 
ceeded four  times,  and  never  less  than  one  half,  that  of  the 
powdered  silica. 

"  Hydraulic  limes  in  their  composition,  and  in  their  value  for 
application  to  the  purposes  of  construction,  and  in  their  geolo- 
gical position,  occupy  an  intermediate  place  between  the  common 
or  fat  limes  and  the  hydraulic  cements.  They  are  found  in  the 
United  States,  in  numerous  and  extensive  deposits.  Hydraulic 
limes  are  injured  by  air  slaking,  in  a  ratio  varying  directly  with 
their  hydraulicity,  and  they  deteriorate  by  age.  For  foundations 
in  a  damp  soil  or  exposure,  hydraulic  limes  must  be  exclusively 
employed. 

Cements. 

"  Hydraulic  cements  contain  a  larger  proportion  of  silica,  alu- 
mina, magnesia,  &c.,  than  any  of  the  preceding  varieties  of  lime ; 
they  do  not  slake  after  calcination,  and  they  are  superior  to  the 
very  best  of  hydraulic  limes,  as  some  of  them  set  under  water  at 
:i  moderate  temperature  (65°)  in  from  three  to  four  minutes; 
others  require  as  many  hours.  They  do  not  shrink  in  harden- 
ing, and  make  an  excellent  mortar  without  any  admixture  of  sand. 

"  Roman  cement  is  made  from  a  lime  of  a  peculiar  character 
found  in  England  and  France,  derived  from  argillo-calcareous 
Ividney-shaped  stones,  termed  '  Septaria,'  and  when  mixed  thick 
it  solidifies  in  a  few  minutes  either  in  air  or  water;  hence,  for 
some  purposes,  it  is  of  great  utility,  and  for  others  its  use  is 
impracticable. 

"  The  manufactured  article  takes  its  name  from  the  locality  of 
tlie  store,  as  '  Boulogne '  or  '  Slieppy.' 

*'  Rosendale  cement,  from  the  township  of  Rosendale,  N. Y.,  is 
derived  from  the  water  limestone  of  the  Helderburg  group, 
Ulster  county,  New  York. 
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"  Portland  cement  is  made  in  England  and  France  from  an 
argillo-calcareous  deposit,  which  is  burned  and  ground  up  for 
cement  in  its  natural  state,  without  the  addition  of  lime.  It 
requires  less  water  than  the  Eoman  cement.  It  sets  slowly,  and 
can  be  remixed  with  additional  water  after  an  interval  of  twelve 
or  even  twenty-four  hours  from  its  first  mixture. 

"  The  property  of  setting  slow  may  be  an  obstacle  to  the  use 
of  some  designations  of  this  cement,  as  the  Boulogne,  when  re- 
quired for  localities  having  to  contend  against  immediate  causes 
of  destruction,  as  in  sea  constructions  having  to  be  executed 
under  water  and  between  tides.  On  the  other  hand,  a  quick- 
setting  cement  is  always  difficult  of  use  ;  it  requires  special  work- 
men and  an  active  supervision.  A  slow-setting  cement,  however, 
like  the  natural  Portland,  possesses  the  advantage  of  being  man- 
aged by  ordinary  workmen,  and  it  can  be  remixed  with  additional 
water  after  twelve  or  even  twenty-four  hours. 

"  Artificial  cement  is  made  by  a  combination  of  slaked  lime 
with  unburn t  clay  in  suitable  proportions,  burning  the  mixture 
in  a  kiln  or  furnace  and  then  grinding  it,  or  by  substituting  for 
the  lime  a  carbonate  of  a  lime  that  can  be  pulverised  without 
burning,  or  by  using  artificial  puzzuolana,  or  by  adding  silica  in 
a  soluble  form  to  a  paste  of  common  lime. 

"  Artificial  puzzuolana  is  made  by  subjecting  clay  to  a  slight 
calcination, — (Pambour. ) 

"  Salt  water  has  a  tendency  to  decompose  cements  of  all  kinds. 

Mortars. 

"  Lime  or  cement  paste  is  the  cementing  substance  in  mortar, 
and  its  proportion  should  be  determined  by  the  rule,  that  the 
volume  of  the  cementing  substance  should  be  somewhat  in 
excess  of  the  volume  of  voids  or  spaces  in  the  sand  or  coarse 
material  to  be  united.  The  excess  being  added  to  meet  imper- 
fect manipulation  of  the  mass. 

"  Hydraulic  mortar,  if  re-pulverised  and  formed  into  a  paste 
after  having  once  set,  immediately  loses  a  great  portion  of  its 
hydraulicity,  and  descends  to  the  level  of  the  moderate  hydrau- 
lic limes.  A  great  destruction  of  the  hydraulic  principle  there- 
fore results  from  any  disturbance  of  the  molecular  arrangement 
of  the  mortar,  after  crystallization  has  commenced.    This  is  what 
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occurs  with  the  intermediate  limes,  which  take  initial  set  promptly 
and  firmly,  but  which  are  subsequently  thrown  down  by  the  slak- 
ing of  the  impure  caustic  lime  which  they  contain. 

•'  All  mortars  are  much  improved  by  being  worked  or  manipu- 
lated, and  as  rich  limes  gain  somewhat  by  exposure  to  the  air,  it 
is  advisable  to  work  mortar  in  large  quantities,  and  then  render 
it  fit  for  use  by  a  second  manipulation. 

"  White  lime  will  take  a  larger  proportion  of  sand  than  brown 
lime. 

"  The  use  of  salt  water  in  the  composition  of  mortar  injures 
the  adhesion  of  it. 

"  Mortar. — When  a  small  quantity  of  water  is  mixed  with 
slaked  lime,  a  stiff  paste  is  made,  which  upon  becoming  dry  or 
hard,  has  but  very  little  tenacity,  but  by  being  mixed  with  sand 
or  like  substances,  it  acquires  the  properties  of  a  cement  or 
mortar. 

"  The  proportion  of  sand  that  can  be  incorporated  with  mortar 
depends  partly  upon  the  degree  of  fineness  of  the  sand  itself, 
and  partly  upon  the  character  of  the  lime.  For  the  ricli  limes, 
the  resistance  is  increased  if  the  sand  be  in  proportions  varying 
from  50  to  240  per  centum  of  the  paste  in  volume,  beyond  this 
proportion  the  resistance  decreases. 

'^  Stone  mortar. — 325  lb.  cement,  120  lb.  lime,  and  14'67 
cubic  feet  of  sand. 

"Brick  mortar. — 325  lb.  cement,  120  lb.  lime,  and  12  cubic 
feet  of  sand. 

"  Broivn  mortar. — Lime  one  part,  sand  two,  and  a  small  quan- 
tity of  hair. 

"  Lime  and  sand,  and  cement  and  sand,  lessen  about  one- 
third  in  volume  when  mixed  together." 
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Analysps  of  Hijdi'aulic  Limes,  Cements,  Trass,  and  Puzzuolana. 


6 

S 
o 

u 
'5 

V 

3 

'o 

1 

« 

-3 
o 

~ 

o 

a. 

1 

2-652 

! 

-62 

•88 

2 

2-678 

1 

-40 
12-10 

3 

2-680 

1 

1-54 
4-64 

4 

2-753 

5 

2-844 

6 

2-735 

7 

2-822 

8 

2-761 

9 

2-786 

10 

31-00 

11 

29-00 

12 

29-77 

13 

31-00 

14 

22-75 

15 

j  7-0 
f  1-0 

16 

(  1-4 
j  4-0 

SB's 


25 
6 
2 

19 
3 
3 

24 

16 
6 

17 
4 
1 

18 
2 
1 

29 
5 
1 

19 
7 
2 

18 
4 
2 

27 
2 
1 

18 
5 

17 
6 

12 
8 

24 
1 
9 

17 

57 
5 

44 

12 


-20 

-16 

•02 

'66 

-14 

-86 

•74 

-74 

•30 

-84 

-60 

•70 

-52 

•18 

-86 

-34 

•74 

•76 

•64 

•52 

•38 

•46 

•22 

•32 

•70 

•34 

•26 

'00 

-25 

•75 

•00 

•00 

•80 

•00 

•31 

•375 

•75 

•0 

•0 

•5 

■0 


c 
3 

O 
<V 

1  = 

O 

"S 

SO 

5)3 

1 

58^84 

10-38 

j 

40^54 

17-98 

j 

41-80 

4-10 

1 

58-25 

11-16 

1 

43-30 

26-04 

33-54 

20-80 

j 

30-72 

35-10 

1 

37-50 

35-62 

j 

46-00 

17-76 

30-20 

•20 

35^00 

•50 

I  u-os 

1-52 

30^50 

1^04 

I  29^25 

1    2-6 

1^0 

j    8-8 

4^7 

■a 

•3  "3  ^ 


Where 
from. 


•48 


•72 


2^22 


/  5 


{ 


7-50 


Utica, 
Illinois. 


Sandusky, 
Ohio. 


Cumberland, 
Md. 


Shepherds- 
town,  Va. 

High  Falls, 

Ulster.  CO., 

N.  Y. 


Do. 


Do. 


Do. 


Do. 


do. 


do. 


do. 


do. 


Sheppy,  Eng., 
cement  stone. 

Nos.  1  A;  2. 

Sonthend, 
England,  do. 

Yorkshire,do. 
Harwich,  do. 

Trass. 
Puzzuolana. 


Nos.  1  to  9  were  analyzed  by  Prof.  E.  C.  Boynton,  Miss.,  and  Nos.  10  to 
16  by  Berthier. — Civil  Engineer  a'od  Architect's  Journal. 
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DIVISION  TWELFTH. 

BRIDGES— ROOFS— RESERVOIRS. 

108.  On  Rigid  Sus]?ension  Bridges  of  large  Span,  Constructed 
of  Iron  and  Steel,  or  of  Wood  and  Iron  combined. — The  following 
is  part  of  a  paper  read  by  A.  Sedley,  Esq.,  before  the  "  Inventors' 
Institute,"  and  reported  in  the  "Scientific  Eeview:" — "In  my 
humble  opinion,  urged  with  all  due  deference  to  the  illustrious 
body  of  engineers  of  Great  Britain,  the  roadway  of  a  suspension 
bridge  should  be  so  built  up  as  to  be  capable  of  carrying  its  own 
weight,  at  least  without  sensible  deflection,  even  for  the  greatest 
spans  that  can  be  attempted.  At  the  first  blush  of  thought  this 
may  seem  to  be  almost  impossible,  but  on  reflection  it  will  be  seen 
that  it  is  easy  enough.  We  have  already  at  Lambeth  the  germ 
of  this  idea ;  and,  perhaps,  plain  and  simple  as  some  call  it,  there 
is  no  bridge  over  tha  Thames  which  has  so  much  useful  novelty 
about  it  as  the  suspension  bridge  by  Mr.  Barlow.  The  engineer 
may  study  here  a  new  principle,  one  which  will,  I  venture  to  say, 
with  some  improvements,  lead  to  the  construction  of  spans  which 
are  impossible  on  any  other  than  rigid  suspension  principles.  In 
explaining  my  improvements  I  shall  allude  further  to  this.  In 
looking  into  the  work  of  Mr.  E.  Clark,  '  The  Conway  and  Menai 
Bridges,'  I  find,  page  47,  Mr.  Stephenson  is  asked  about  the 
practicability  of  the  span.  It  appears  that  it  was  in  contemplation 
at  that  time  to  convert  Telford's  suspension  bridge  into  a  rigid 
bridge  by  means  of  trussing ;  of  this  I  think  it  only  remains  to 
be  said  that  it  was  found  it  could  not  be  well  managed. 

"I  do  not  propose  to  go  into  the  question  of  rigid  girder  bridges 
without  suspension,  because  they  involve  diflerent  principles  of 
construction,  and  cannot  well  be  built  without  centrings,  to 
which  in  my  models  I  shall  particularly  direct  your  attention, 
whereby  very  great  expense  is  saved. 

"  The  suspension  principles  by  Brunei,  in  the  Saltash  Bridge 
and  the  Chepstow  Bridge,  have  been  so  carefully  explained  in 
papers  read  before  the  Society  of  Civil  Engineers,  that  I  will  not 
venture  to  trouble  you  with  remarks  respecting  these,  further 
than  asking  you  to  notice  that  the  heaviest  weights  in  this  con- 
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struction  are  towards  the  centre,  in  the  same  way  as  in  all  other 
rigid  girder  bridges,  which  is  the  reverse  of  my  principle.  You 
will  perceive  that  I  have  not  gone  into  the  matter  of  strains, 
sectional  areas  or  weights,  tensile  or  crushing  strains.  This  I 
have  avoided,  because  there  are  tables  for  calculating  all  these, 
and  formula?  also  which  apply  to  most  of  them ;  but  I  am  one  of 
those  who  think  there  is  as  much  mechanical  common  sense  in 
matters  of  this  kind  as  in  any  other. 

"  Let  us,  for  example,  consider  a  suspension  bridge  capable  of 
taking  a  first  class  locomotive  and  tender  only,  at  a  rate  of  fifty 
miles  an  hour.  We  will  assume  that  the  locomotive  weighs  40 
tons,  that  the  bridge  is  1 6  ft.  wide,  and  that,  in  addition  to  the 
weight  of  the  locomotive,  something  is  due  from  its  momentum, 
part  of  which  is  expended  in  the  air,  and  part  of  it  in  the  metals 
or  substructure  of  the  bridge.  Now,  I  venture  to  submit  that 
serious  damage  would  occur  to  any  suspension  bridge,  constructed 
on  any  known  principle,  if  a  train  ran  at  a  quick  pace.  This 
weight  of  40  tons  is  distributed  over  a  space  of  16  ft,  by  50  ft., 
making  the  load  112  lbs.  per  super  foot  of  surface ;  to  this  must 
be  added  an  extra  weight  for  the  momentum  attached  to  the 
speed  of  the  engine.  If  we  imagine  the  engine  to  be  to  a  cer- 
tain extent  moving  in  the  deflection  of  a  cannon  ball — viz.,  that 
its  tendency  is  downwards  in  a  parabolic  curve,  instead  of  up- 
wards— it  will  be  seen  that  the  additional  weight  caused  from 
this  must  be  very  great ;  and  it  is  this  frictional  weight  which 
causes  the  vibration  and  oscillation  which  is  so  dangerous  to  the 
catenary  principle  and  roads  as  now  constructed.  The  action  of 
the  rolling  weight  would  therefore  tend  rather  to  produce  oscil- 
lation than  to  allay  it,  when  any  regular  or  irregular  strain  may 
be  put  on  the  bridge ;  and  no  guys,  chains,  or  stays,  will  have 
the  effect  of  producing  rigidity,  but  merely  become  an  incum- 
brance and  extra  weight  on  the  chains,  without  at  all  adding  to 
strength.  It  would  be,  in  fact,  like  putting  50  lbs.  weight  on  a 
man's  shoulders  in  order  to  add  to  his  strength,  which  certainly 
would  be  a  novel  mode  of  proceeding. 

"  There  are  other  systems  of  suspension  bridges,  models  of 
which  were  exhibited  at  the  International  Exhibition ;  and  of 
these  it  may  be  said  fairly,  without  entering  into  detail,  that 
they  are  only  as  strong  as  the  weakest  part  of  them.     I  say  this 
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because  their  principles  of  suspension  and  support  are  so  divided 
that  much  weight  is  added,  without  conducing  in  any  way  to 
give  additional  strength. 

"  According  to  Mr.  Clark's  admirable  work  on  the  Menai 
Bridges,  Mr.  Stephenson  and  himself  often  considered  whether 
it  would  be  practicable  to  convert  the  Menai  Suspension  Bridge  ; 
but  they  seem  to  have  arrived  at  the  same  reasoning  that  I 
have  just  explained  to  you — that  unless  the  platform  was  in 
itself  sufficiently  rigid  to  be  self-supporting,  all  that  could  be 
done  would  but  add  to  the  weight  of  the  bridge,  without  con- 
ducing one  atom  to  its  strength.  Even  Telford  himself  would, 
I  venture  to  say,  have  hesitated  to  recommend  suspension  as 
a  proper  principle  for  locomotive  and  railway  traffic. 

"  There  are  so  many  hostile  forces  put  into  action  by  a  train 
passing  over  a  bridge  of  large  span,  that  in  my  mind  I  have 
thus  classified  them  : — 1.  the  percussive,  2.  the  re-percussive, 
and  3.  the  concussive  action.  The  percussive  action  I  con- 
sider to  be  the  fi:st  wave  which,  arising  at  the  entry  of  a 
train  on  to  the  bridge,  operates  in  expending  its  force  in  driving 
the  platform  against  the  opposite  abutment,  contracting  the 
platform  girder  in  its  width  slightly  at  top,  and  widening  it 
at  the  bottom ;  the  re-percussive  force  is  the  echo  or  rever- 
beration of  this  wave  backwards ;  and  the  concussive  action 
is  the  tremulous  effect  which  is  generally  felt  as  you  approach 
the  centre  of  the  bridge.  I  am,  of  course,  supposing  this.  Taking 
the  case  of  a  properly  constructed  bridge,  where  the  principles 
are  truthful,  and  where  the  material  has  not  been  cut  too  fine, 
but  where  the  metal  is  becoming  fatigued,  or  nearly  so,  these 
strains  are  very  unequal,  and  the  vibrations  due  to  the  actions 
above  described  begin  and  cease  in  a  very  unequal  manner,  and 
consequently  are  most  destructive  in  their  effect. 

"  The  theories  and  laws  of  compression  and  extension  in  cast- 
iron  are  so  well  known  that  it  is  not  necessary  for  me  to  enter 
into  them,  as  there  are,  I  am  sure,  gentlemen  in  this  room  who 
will  tell  me  much  more  about  them  than  I  know  myself. 

"  The  most  important  considerations  in  a  bridge  of  large  span 
are — 1.  The  weight  of  material  to  be  employed  in  the  girders, 
especially  towards  the  centre,  for  here  the  greatest  strength  is 
necessary ;  consequently,  according  to   systems   at  present  em- 
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ployed,  great  provision  must  be  made  for  the  extra  strain  exerted 
in  and  by  the  centre,  by  the  weight  of  the  material  necessary  to 
be  placed  there  to  support  it,  and  the  required  load  of  train 
weight  besides.  2.  The  necessity  of  constructing  such  bridge  of 
great  lightness  and  rigidity.  One  of  the  points  mostly  insisted 
upon  by  engineers  and  contractors  is  duplication  and  re  duplica- 
tion of  parts,  so  as  to  afford  an  easy  method  of  construction.  It 
is  possible  that  in  what  I  submit  to  your  notice,  it  may  be  urged 
that  there  is  an  excess  of  metal,  as  they  are  only  small  models. 
This  may  indeed  be  the  case,  but  in  the  full  size  it  would  not 
be  so. 

"  I  may  mention  to  you  that  I  have  already  constructed  a 
small  bridge  for  foot-passengers  with  a  clear  span  of  twenty-eight 
feet.  It  is  made  of  common  fir,  and  the  sectional  area  of  the 
two  girders  is  only  160  inches,  which  is  less  by  one  half  than 
any  other  bridge  of  which  I  have  been  able  to  obtain  a  measure- 
ment. 

"  This  bridge  has  borne,  with  a  deflection  of  two  inches,  seven 
tons  of  materials  placed  on  it.  It  was  afterwards  tested  by 
twenty  men  jumping  in  the  centre,  when  the  deflection  or  spring 
was  five-eighths  of  an  inch,  but  as  much  upwards  as  downwards. 
The  total  weight  of  the  bridge  is  sixteen  cwt.  It  is  only 
roughly  put  together,  and  much  weakened  by  mistakes  made,  and 
which  are  always  inevitable  in  a  first  trial  of  a  new  system  of 
construction. 

"  It  is  a  combination  of  the  tubular,  girder,  and  suspension 
principles  ;  unites  great  simplicity  with  easy  and  economical  con- 
struction ;  and  the  combination  diff'ers  entirely  from  any  employed 
up  to  the  present  time.  JJ^o  intermediate  piers  or  subaqueous 
works  are  necessary. 

"  Such  a  bridge  may  be  built  as  easily  at  a  height  of  500  feet 
above  the  level  of  the  river  or  valley,  as  at  a  height  of  25  feet ; 
and  wood,  iron,  and  steel  may  be  used  in  combination,  or  in 
large  spans  iron  and  steel  only. 

"  I  am  fully  aware  of  the  risks  of  crushing  and  tensile  strains, 
which  are  considered  imminent  in  a  structure  of  this  kind,  but 
am  certain  that  all  these  are  provided  for.  One  thing  is  perfectly 
clear,  that  if  it  be  an  ascertained  and  easy  matter  to  raise  and 
launch  a  vessel  of  5,000  tons  400  or  500  feet  long,  and  weigh- 
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ing  treble  the  weight  of  this  bridge,  there  can  be  no  difficulty  in 
constructing  and  placing  in  position  a  bridge  not  exceeding  one- 
third  of  the  weight,  and  possessing  three  times  the  strength  of 
such  a  structure  as  a  vessel.  In  all  combinations  of  this  kind, 
compactness,  rigidity,  and  a  due  relation  of  parts  and  strength, 
are  features  of  the  first  importance ;  and  with  a  view  to  the 
application  of  these,  I  have  studied  as  well  as  I  could  all  the 
structures  and  various  systems  adopted  by  the  most  celebrated 
engineers  at  home  and  abroad,  and  naturally  availed  myself 
of  the  advantages  to  be  derived  from  the  constructive  features 
of  these  bridges  or  viaducts." 

109.  Trussed  versus  Plate  Girders. — "The  broad  principles," 
says  a  writer  in  the  'Mechanics'  Magazine,'  March  10th,  1865, 
in  an  article  under  the  above  title,  of  which  we  here  give  ex- 
tracts,— '■  governing  the  grand  art  of  bridge  construction  may  be 
regarded  as  settled  by  the  dictum  of  men  of  science,  who  have  in 
many  instances  arrived  at  similar  conclusions  from  data  so  en- 
tirely dissimilar,  that  the  strongest  confirmation  is  afforded  of 
their  general  accuracy.  But  other  questions  than  those  connected 
with  strength  begin  to  start  up  day  by  day — considerations  which 
urge  themselves  on  our  attention  with  a  pertinacity  which  will 
brook  no  denial  of  their  claims  to  be  heard.  Time  was  when  so 
long  as  a  span  was  crossed,  men  cared  little  as  to  the  ajsthetical 
laws  observed  or  broken  in  the  crossing.  Funds  were  lavished 
and  expense  was  seldom  thought  much  about.  A  ton  or  two  of 
iron  here  and  there  more  than  was  absolutely  necessary  was  a  mat- 
ter of  only  secondary  consideration.  As  to  durability,  it  is 
doubtful  if  engineers  ever  gave  the  question  a  thought,  or  per- 
mitted it  to  influence  their  proceedings  in  any  way.  So  long  as 
a  bridge  possessed  such  a  margin  of  strength  as  would  enable  it 
to  cope  with  the  more  obtrusive  forces  of  destruction  involved  in 
the  presence  of  intrinsic  weight  in  the  structure  itself,  and  ex- 
ternal weight  in  the  passing  loads,  all  was  well,  and  little  atten- 
tion was  paid  to  the  possible  efi'ects  of  the  more  subtle  agencies 
of  destruction  brought  to  bear  by  chemical  action,  and  continu- 
ously recurring  vibrations.  The  conclusion  was  one  of  the  most 
natural  possible ;  it  followed  as  a  direct  consequence  of  the  al- 
most total  dearth  of  information ;  and  even  now,  after  the  lapse 
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of  twenty  years  of  iron-bridge  building,  the  subject  is  only  just 
beginning  to  receive  the  attention  it  really  deserves. 

"  The  opinions  of  Mr.  Fairbairn  as  the  apostle,  if  not  the  pa- 
rent, of  the  tubular  girder,  are  worthy  of  every  consideration,  and 
when  we  find  him  lifting  up  his  voice  to  protest  against  the  use 
of  the  lattice  girder,  it  is  reasonable  that  we  should  listen  to  his 
warning.  Yet  the  employment  of  the  trussed  girder  goes  on 
apace,  while  the  tubular  girder  would  seem  to  be  simply  tolerated 
as  an  invention  likely  to  serve  a  good  purpose  under  exceptional 
conditions,  but  by  no  means  to  be  resorted  to,  otherwise  than  as 
a  last  resource.  We  are  speaking  now,  be  it  observed,  of  works 
of  considerable  magnitude,  not  of  the  small  structures  which 
abound  in  every  country  blessed  with  a  railway  system.  We 
cannot  resist  the  conclusion  that  Mr.  Fairbairn  is  perfectly  right 
in  maintaining  the  high  character  of  the  tubular  girder  ;  but  we 
also  believe  that  the  practical  engineer  is  correct  in  refusing  to 
adopt  it  habitually.  The  apparent  anomaly  contained  in  these 
statements  will  vanish  when  we  understand  that  Mr.  Fairbairn, 
and  many  other  gentlemen  of  talent  and  skill  who  coincide  in 
his  opinions,  regard  the  entire  question  from  an  antiquated  point 
of  view.  With  them,  the  strength  of  a  girder  is  a  point  to  which 
every  other  consideration  must  be  subordinated.  The  engineer, 
on  the  contrary,  well  up  in  modern  practice,  perceives  that  it  will 
not  do  to  erect  a  structure  which  shall  resemble  one  of  the  crea- 
tions of  Fuseli  in  its  real  hideousness,  no  matter  how  beautiful  it 
may  be  as  an  example  of  the  application  of  sound  theory  to  con- 
structive art ;  neither  Mdll  it  serve  his  purpose  or  that  of  his  em- 
ployers to  spend  more  money  than  may  be  absolutely  necessary. 
In  addition  the  teachings  of  such  experience  as  we  have  as  yet 
had  placed  at  our  disposal  goes  to  show  that  the  tubular  girder, 
and  to  some  extent  the  plate  girder  as  well,  contains  in  itself  the 
elements  of  its  own  destruction 

"  As  to  expense,  under  any  circumstances  the  tubular  form  is 
perhaps  the  most  costly  that  it  is  possible  to  adopt.  Without 
the  cellular  system  the  girder  loses  at  least  one-half  of  its  advan- 
tages, and  yet  these  same  cells  run  away  with  nearly,  if  not 
quite,  one  moiety  of  the  pecuniary  expenditure  on  labour.  The 
use  of  self-acting  punching  machinery  can  do  little  to  mitigate 
the  evil.    The  riveting  can  hardly  be  performed  otherwise  than  by 
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hand,  and  the  small  size  of  the  cells,  and  the  difficulties  met  with 
in  '  holding  up'  the  rivets  to  the  strikers,  are  too  well  understood  by 
the  practical  man  to  require  much  comment  at  our  hands.  We 
can  state  with  confidence  that  the  expense  of  such  girders  must 
be  nearly  £5  per  ton  greater  than  that  of  lattice  beams  of  equal 
strength,  and  from  ^1  to  £2  greater  than  that  of  the  simple 
plate  girders  occasionally  used  for  considerable  spans.  In  addi- 
tion to  the  question  of  first  cost,  however,  we  find  that  the  diffi- 
culties of  repair  are  excessively  great.  The  time  has  not  yet 
come  when  it  will  be  found  necessary  to  replace  corroded  plates 
in  the  Britannia  or  Conway  tubes.  Indeed,  the  plate  iron  bridge 
is  of  such  comparatively  recent  invention  that  this  matter  of  re- 
pairs has  been  tacitly  handed  over  to  a  succeeding  generation  as 
something  with  which  we  have  nothing  to  do.  It  is  pos- 
sible that  the  conclusion  is  premature.  In  any  case  it  will 
be  found  that  the  cutting  of  one  plate  out.  and  the  replac- 
ing it  with  another,  will  be  a  serious  undertaking ;  and  it  is  cer- 
tain that,  the  initial  powers  of  resistance  of  the  girder  once  im- 
paired, they  can  never  be  restored  by  any  practicable  system  of 
patching.  The  cutting  off  of  '  snap '  points,  and  the  punching 
out  of  rivets,  is  not  calculated  to  improve  the  quality  of  a  plate ; 
and  we  much  fear  that  the  tacking  on  of  new  material  to  that 
already  grown,  not  grey,  but  rusty  in  service,  can  only  tend  to 
make  an  original  rent  very  much  worse.  So  long  as  wrought  iron 
is  exposed  to  the  direct  influence  of  an  atmosphere  charged  with 
moisture,  its  corrosion  must,  of  necessity,  be  rapid.  The  only 
practicable  protection  is  paint ;  but  the  cells  of  a  tubular  girder 
once  finished,  anything  like  satisfactory  access  to  them  is  at  an 
end.  Damp  and  air  will  penetrate,  however,  where  a  boy  with  a 
can  of  paint  cannot ;  and  as  the  protecting  medium  will  not  last 
for  ever,  it  follows  that  corrosion  must  sooner  or  later  destroy  the 
plates.  Already  a  quantity  of  scale  has  been  removed  from  the 
Britannia  bridge,  representing  a  quantity  of  iron  equivalent  to  a 
bar  4  in.  in  diameter  the  length  of  the  entire  span.  Of  the  state 
of  the  cells,  we  know  absolutely  nothing.  The  simple  plate 
girder  is  not  much  better  off ;  although  accessible  in  the  main,  it 
presents  such  an  immense  comparative  surface  to  the  influence 
of  the  weather,  that  even  with  every  caution  the  iron  is  liable 
to  be  eaten  away  with  surprising  rapidity.     When  we  take  the 
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extreme  thinness  of  the  webs  into  consideration,  it  is  easy  to  see 
that  the  margin  afforded  to  compensate  for  this  action  is  exceed- 
ingly small. 

"  The  great  defect  of  the  trussed  girder  is  the  want  of  vertical 
stiffness.  Recent  improvements  in  the  distribution  of  the  mate- 
rial have  done  much  to  overcome  this  objection ;  and  yet  more 
has  been  done  by  accurate  fitting  and  careful  workmanship.  The 
origin  of  the  lattice  girder  can  be  traced  to  America,  and  we  be- 
lieve it  was  invented  by  an  engineer  named  Town.  It  is  hardly 
necessary  to  state,  that  in  the  first  instance  it  was  invariably 
made  of  wood.  The  first  English  engineer  to  adopt  it  in  iron, 
was  Sir  John  MacNeil,  who  constructed  a  bridge  of  the  kind  on 
the  Dublin  and  Drogheda  Eailway,  of  about  40  ft.  span,  in 
1843,  with  the  best  results ;  since  then  the  system  has  risen  and 
fallen  in  estimation.  It  is  now  rising  again ;  and  it  is  probable 
that  it  will  yet  take  the  place  it  really  deserves.  According  to 
Mr.  Fairbairn,  it  is,  perhaps,  true  that  initial  strength  of  the  lat- 
tice as  compared  with  the  tubular  cellular  girder,  is  but  as  *84  is 
to  1.  It  remains  to  be  seen,  however,  whether  this  ratio  can  be 
regarded  as  constant  through  a  long  series  of  years.  We  have 
every  reason  to  believe  that  it  cannot.  The  ease  with  which  the 
lattice,  or  more  properly  the  trussed  girder,  can  be  painted,  the 
facility  with  which  repairs  can  be  effected  without  in  any  way 
interfering  with  the  traffic,  and  the  greater  thickness  of  the  bars 
of  which  it  is  composed,  are  all  so  many  points  in  its  favour. 
The  ultimate  strength  of  bars,  too,  as  compared  with  plates,  is 
nearly  in  the  ratio  of  1 3  to  12,  a  consideration  worth  something. 
Special  machinery  can  be  applied  to  the  formation  of  trussed 
girders  with  unparalleled  ease,  while  the  facilities  which  they  pre- 
sent for  export  in  the  small  size  and  exact  duplication  of  their 
parts,  have  secured  them  a  preference  which  they  well  deserve 
for  colonial  lines.  As  to  beauty,  there  can  be  no  question  that 
the  system  affords  opportunities  for  the  carrying  out  of  the  true 
principles  of  sesthetical  art  which  are  absolutely  unrivalled." 

110.  Large  Span  Roofs.— "  At  a  recent  meeting  of  the  So- 
ciety of  Civil  Engineers  in  France,  M.  Lehaitre  brought  forward 
a  notice  of  a  system  of  suspended  roofing  proposed  by  MM.  Le- 
haitre and  de  Mond^sir.  Owing  to  the  use  of  iron  and  cast  metal, 
roofing  has  lately  made  great  progress.     It,  has,  nevertheless  been 
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impossible,  within  a  reasonable  outlay,  to  exceed  a  span  of  30  to  35 
metres,  or  exceptionally,  and  with  considerable  sacrifice,  of  40  me- 
tres to  45  metres.  It  is  very  evident  that  it  would  be  of  great  im- 
provement to  be  able  to  cover  large  spaces,  as  market-places,  railway 
stations,  hippodromes,  &c.,  without  the  use  of  intermediate  sup- 
ports, which  represent  a  host  of  inconveniences  it  would  be  use- 
less to  recall  here.  MM.  Lehaitre  and  de  Mondesir  have  sought 
the  solution  of  the  difficulty  in  the  use  of  suspending  cables,  the 
application  of  which  has  been  hitherto  limited  to  suspension 
bridges.  The  principal  difficulties  which  attend  the  use  of  cables 
in  suspension  bridges  completely  disappear  from  their  use  for 
roofing.  The  strain  they  have  to  sustain  being  no  longer  vari- 
able, there  is  no  fear  of  those  oscillating  movements  which  are  so 
dangerous,  and  which  considerably  increase  the  cost  of  mainte- 
nance of  the  flooring.  The  roofing  cables  can  always  be  made  fast 
to  open  w^ork  inside  the  bearing  walls.  The  advantages  of  this 
new  application  are  apparent.  One  of  the  foremost  is  the  eco- 
nomy induced,  a  consequence  of  the  light  weight.  It  is  not  the 
object  of  the  authors  of  the  system  to  make  it  a  matter  of  spe- 
culation, but  on  the  contrary,  they  desire  to  popularise  it  by  teach- 
ing it  to  all  competent  men,  and  submitting  it  to  the  apprecia- 
tion of  learned  societies.  It  may  be  adapted  to  the  construction 
of  large  circuses,  either  with  or  without  centre  columns ;  of  naves 
lighted  from  the  top,  either  though  glazing  on  the  coping  or 
through  vertical  lights ;  of  a  series  of  longitudinal  and  transverse 
galleries,  supported  by  pillars  alternately  arranged  at  distances 
of  from  30  metres  to  75  metres. 

"A  short  description  was  furnished  of  proposed  plans  for  a 
circus  of  200  metres  interior  diameter,  and  for  one  of  100  metres 
interior  diameter,  with  a  pillar  in  the  centre;  also  for  a  circus  100 
metres  interior  diameter,  and  a  market-place  50  metres  interior 
diameter,  with  granaries  or  shops,  without  internal  support.  In 
the  two  first  structures  the  suspending  chains  are  secured  to  a 
sheet-iron  hood  on  the  top  of  the  centre  column,  passing  over 
friction  rollers  placed  on  the  bearing  walls  of  a  circular  gallery 
of  masonry  28  metres  wide,  which  runs  round  the  space  to  be 
covered  in,  and  are  fastened  in  a  gallery  easy  of  access,  so  that 
they  may  be  examined.  These  suspension  chains,  with  the  help 
of  iron   supports   bound  together,  bear  up  the  principal   rafters, 
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which  are  of  iron,  and  these  support  the  purlins,  battenings,  and 
a  covering  either  of  sheet-iron  or  zinc.  The  roof  is  arranged  in 
terraces,  and  the  lights  are  introduced  in  the  upright  spaces  in- 
tervening between  every  two  successive  terraces.  MM.  Lehaitre 
and  de  Mond6sir  compute  approximately  that  such  a  structure — 
from  the  ground  level  (not  inclusive  of  foundations),  constructed  of 
iron  wire  which  will  bear  a  strain  of  one-tenth  its  ultimate  re- 
sistance, the  column  being  subjected  to  a  maximum  weight  of 
seven  kilogrammes  per  square  centimetre  at  its  base  and  of  four 
kilogrammes  at  its  summit,  of  zinc  ]N'o.  1 4,  the  masonry  of  free- 
stone— might  be  erected  at  less  than  half  the  cost  of  ordinary 
market  and  assembly  places.  A  circus  100  metres  in  diameter, 
built  as  substantially,  with  a  central  column  of  cast  iron  instead 
of  masonry,  would  cost  96  £  the  square  metre,  at  the  outside. 
One  of  the  same  dimensions  without  a  central  pillar,  lighted  by 
a  central  lantern  borne  by  the  roof  attached  to  the  suspension 
chains,  would  cost  90  f  per  square  metre.  .  A  market-place  50 
metres  in  diameter,  on  the  same  system,  would  cost  70  f  the 
square  metre.  In  these  erections,  in  which  the  roof  is  suspended, 
the  weight  of  the  bearing  walls  of  the  outside  gallery  is  utilised 
in  resisting  the  tension  of  the  chains. 

"  There  then  follows  an  account  of  the  adaptation  of  the  sys- 
tem to  rectangular  buildings.  For  a  rectangular  room,  75  metres 
in  width,  with  lateral  buildings,  the  bearing- walls  of  which  serve 
as  grapplings  for  the  chains,  the  chains  are  supported  by  pillars 
erected  on  the  bearing-walls.  With  the  help  of  suspension  rods 
they  bear  the  transverse  rafters.  That  the  pillars  may  not  be 
raised  too  high,  that  portion  of  the  rafter  which  is  nearest  them 
is  borne  by  rods  submitted  to  a  traction  strain,  and  towards  the 
middle  they  are  supported  by  upright  rods  which  are  compressed 
or  tightened.  The  distance  of  the  cables  is  regulated  by  the 
length  of  the  purlins,  fixed  in  the  plan  at  1 2  metres.  Adhering 
to  these  conditions,  the  square  metre  covered  in,  including  an- 
nexed buildings  (above  the  ground  level)  comes  to  75  £ ;  the 
lights  are  introduced  in  the  copings  of  the  roof  By  increasing 
the  height  of  the  pillars  over  which  the  chains  pass,  vertical 
lights  might  be  contrived,  but  the  cost  would  then  be  85  £  the 
square  metre.  A  rectangular  room  150  metres  in  Mddth,  lighted 
from  the  coping,  would  be  constructed  at  85  f. ;  lighted  with  verti- 
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cal  windows  at  95  f.   the  square  metre.     For  spans  of  250  me- 
tres, the  cost  would  be  only  two-thirds  of  the  ordinary  cost  of 
spans  of  only  30  or  40  metres,  constructed  on  the  old  system, 
not  surpassing  160  f.    Lastly,  the  authors  of  this  memoire  exhibit 
a  proposed  arrangement  for  buildings  with  longitudinal  galleries 
40  metres,  and  transverse  galleries  30  metres  in  width,  and  for 
buildings  with  longitudinal  galleries  75  metres,  and  transverse 
galleries   40    metres  in   width,  specially  suitable  for  exhibition 
buildings,  markets,  or  large  shops.      These  galleries  are  arranged 
with  an  alternate  system  of  supports,  and  form  a  series  of  apart- 
ments arranged  in  squares  like  a  chess-board.     The  span  of  the 
purlins  would  be  too  great  were  the   chains  suspended  only  one 
way;  they  are,  therefore,  hung  across  each  other  longitudinally 
and  diagonally.     They  are  connected  at  the  top  of  each  pillar, 
and  being  diametrically  opposite  to  one  another,  the  horizontal 
strain  is  neutralised,  and  the  vertical  component  only  remains,  in 
a  direct   downward  pressure  on  the  pillar.     All  the  chains  are, 
as  in  the  preceding  instance,  grappled  to  the  bearing- walls  of  the 
side  buildings.     The  main  rafters,  fixed  in  the  same  plane  as  the 
chains,  are  borne  by  suspension  rods   or  props,  and  receive  the 
purlins  and  glazing.     The  rain  overflow  is  conducted  through  the 
inside  of  the  pillars.      This  design,  as  light  as  it  is  graceful,  forms 
a  kind  of  series  of  vaults  of  ribs,  the  rafters  of  which,  placed  in 
the  plane  of  the  diagonal  chains,  form  the  intersections.     The 
cost  of  the  first  construction,  45   metres,  is  valued  at  55  f.,  that 
of  the  second,  75   metres,  at  70  f.     All  the  estimates  would,  of 
course,  be  lowered,  if,  instead  of  zinc,  freestone,  and  cast  metal, 
there  were  employed  bitumenised  pasteboard,  and  deal  for  the 
timber  work.     The  expense   of  the  two  last  proposed  erections, 
applicable  to  exhibition  buildings,  would  be  35  f.  (galleries  of 
40  metres)  45  f  (galleries  of  75  metres)." — Building  News. 

111.  The  Sheffield  Reservoir  Accident. — "The  cause  of  tlie 
giving  way  of  the  embankment  of  the  Bradfield  reservoir,  near 
Sheffield,  by  which  238  lives  were  lost,  and  X400,000  worth  of 
property  destroyed,  in  March,  1864,  has  been  keenly  speculated 
upon  by  engineers.  The  Water- works  Company  consulted  several 
of  the  most  eminent  hydruuUc  and  other  engineers  of  the  day, 
and  the  report  of  those  gentlemen  has  been  issued  to  the  share- 
holders.     The  document  is  prefaced  by  a  correspondence  with  the 
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Home  office,  in  regard  to  the  resumption  of  work  on  the  Agden 
reservoir,  Avhich  was  stopped  by  the  directors  immediately  after 
the  accident  at  Bradfield.  Mr.  Rawlinson  (Government  inspec- 
tor) stated  at  the  inquest  that  the  substance  of  that  bank  was  as 
'porous  as  a  sieve.'  He  attributed  the  failure  of  the  Bradfield 
bank  to  a  fracture  or  dislocation  of  the  pipes,  which  are  imbedded 
in  the  solid  earth  beneath  the  base  of  the  bank.  Sir  George 
Grey  says,  in  his  reply  to  a  letter  from  the  directors,  after  they 
had  received  the  report  of  the  engineers — '  I  am  to  acquaint  you, 
in  reply,  that  as  Sir  George  Grey  understands  the  works  at  Ag- 
den to  be  now  precisely  in  the  same  state  as  when  they  were 
inspected  in  March  last  by  Mr.  Rawlinson,  and  as  his  report  of 
the  result  of  his  inspection  of  these  works  is  in  the  possession  of 
the  directors,  together  with  the  report  of  Messrs.  Rawlinson  and 
Beardmore  on  the  bursting  of  the  Bradfield  reservoir  embank- 
ment, and  a  copy  of  the  evidence  given  at  the  inquest  held  at 
Sheffield,  Sir  George  Grey  does  not  see  what  additional  informa- 
tion could  be  obtained  by  a  further  investigation  made  at  the  in- 
stance of  the  Government.  The  directors,  with  this  information  in 
their  possession,  having  now  decided,  as  you  inform  Sir  George 
Grey,  that  they  are  justified  in  proceeding  with  the  Agden  em- 
bankment. Sir  George  Grey  can  only  remind  them  that  he  has  no 
power  to  interfere  with  their  decision ;  and  that  if  the  works 
are  proceeded  with  it  must  be  upon  the  undivided  responsibility 
of  the  Company,  and  without  any  sanction,  expressed  or  implied, 
on  the  part  of  Her  Majesty's  Government.'  In  their  report  to 
the  shareholders  the  engineers  (Messrs.  Simpson,  Hawksley,  Bate- 
man,  Fowler,  and  Harrison)  enter  at  some  length  into  the  cir- 
cumstances attending  the  construction  of  the  Bradfield  reservoir, 
and  conclude  as  follows  : — '  The  filling  of  the  reservoir  commenced 
in  June,  1863,  on  the  occasion  of  a  heavy  flood,  and  from  that 
time,  with  some  intermissions,  the  reservoir  gradually  increased 
in  depth,  and  at  the  time  of  the  accident,  on  the  11th  of  March, 
1864,  it  had  attained  to  a  height  which  was  within  three  inches 
of  the  top  of  the  weir.  During  the  whole  of  this  period  no  im- 
perfection of  any  kind  had  been  perceived,  the  embankment  and 
the  reservoir  being  absolutely  water-tight ;  for  though  a  small 
spring  of  ochreous  water  issued  from  a  shale  bed  in  the  escarp- 
ment on  the  south  side  of  the  river  below  the  bank,  yet  this 
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equally  appeared  whether  the  reservoir  was  full  or  empty,  and 
was,  therefore,  fed  from  other  sources.  Moreover,  this  water 
still  continues  to  issue,  although  the  reservoir  has  been  emptied 
of  its  contents  for  many  months.  There  was  no  fracture  of  the 
pipes,  nor  any  creep  of  water  along  the  outside  of  them.  The 
embankment  teas  composed  of  materials  which  would  not  have 
slipped  if  the  base  on  which  it  rested  had  been  immovable.  We 
must,  therefore,  look  for  causes  other  than  supposed  imperfections 
in  the  quality  of  the  materials  or  loorkmaiiship  for  the  failure  of 
the  reservoir.  The  weather  during  the  fortnight  previous  to  the 
accident  had  been  exceedingly  wet,  the  rain  so  swelling  the  rivers 
as  to  inundate  all  the  low  country  in  the  East  Riding  of  York- 
shire. It  is  in  such  seasons  that  masses  of  earth,  commonly 
called  *  landslips,'  become  saturated  with  water  or  lubricated  on 
their  bases,  and,  although  at  other  periods  comparatively  or  alto- 
gether stable,  now  begin  to  move.  That  the  ground  outside  the 
embankment  has  moved  is  evident,  not  only  from  the  tears  and 
fractures  which  are  to  be  observed  in  the  lower  part  of  the  mass, 
but  also  from  the  significant  fact  that  one  cottage  situated  high 
on  the  hill,  and  another  nearer  to  the  foot,  and  both  remote  from 
the  bank,  give  unmistakable  proofs  of  the  recent  movement  of 
the  ground  on  which  they  stand.  From  the  testimony  of  the 
occupiers  of  these  cottages  this  movement  must  have  immediately 
preceded  or  been  concurrent  with  the  bursting  of  the  reservoir. 
After  a  full  consideration  of  these  and  other  collateral  circum- 
stances, we  are  unanimously  of  opinion  that  the  accident  was 
occasioned  by  a  landslip  which  occurred  in  the  ground  immedi- 
ately on  the  east  side  of  the  embankment,  and  which  extended 
beneath  a  portion  of  its  outer  slope,  involving  in  its  consequences 
the  ruin  of  that  portion  of  the  bank,  and  producing  the  catas- 
trophe which  followed.  To  this  conclusion  we  severally  came  on 
our  first  examination ;  and  every  subsequent  investigation,  and 
the  more  intimate  acquaintance  we  have  since  acquired,  with  all 
the  evidence  and  facts  connected  with  the  subject,  have  only  the 
more  firmly  convinced  us  that  to  no  other  cause  can  the  destruc- 
tion of  the  reservoir  be  riglitly  attributed.  We  are,  moreover, 
of  opinion  that  all  the  arrangements  made  by  your  engineers  were 
such  as  might  have  been  reasonably  expected  to  have  proved 
sufficient  for  the  purposes  for  which  tliey  were  intended,  and  that 
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if  the  ground  beneath  the  bank  had  not  moved,  this  work  would 
have  been  as  safe  and  as  perfect  as  the  other  five  or  six  large 
reservoirs  of  the  Company,  which  have  been  constructed  in  a 
similar  manner,  and  which  have  so  long  supplied  the  town  of 
Sheffield  and  the  rivers  Eivelin,  Loxley,  and  Don  with  water. 
With  regard  to  the  propriety  of  repairing  the  broken  embank- 
ment, or  of  abandoning  it  and  forming  another  elsewhere,  we  are 
not  in  a  condition  to  report  fully  on  this  question.' 

"  Thus  in  a  professional  point  of  view  the  interest  in  the  burst- 
ing of  the  Bradfield  reservoir  is  as  great,  if  not  greater  than  ever ; 
for  the  more  doctors  have  been  called  in  successively,  the  more 
they  appear  to  have  disagreed  as  to  the  true  reason  of  the  dis- 
astrous failure  of  the  work. 

"  Mr.  Eawlinson,  C.  E.,  as  it  will  be  remembered,  as  stated 
in  our  columns  some  months  ago,  attributed  the  fUilure  to  frac- 
ture of  the  main  pipes  under  the  thickness  of  the  embankment. 
This  solution,  never  to  our  mind  probable,  was  negatived  subse- 
quently by  actual  observation  of  the  bare  laid  pipes.  But  Mr. 
Eawlinson  also  stated  that  the  earthwork  of  the  embankment 
was  very  imperfectly  executed,  both  as  to  its  material  and  the  way 
in  which  it  was  laid  in ;  that,  in  fact,  it  was  as  '  porous  as  a 
sieve.'  In  this,  as  a  general  statement,  he  was  unquestionably 
right,  as  verified  by  our  own  personal  and  careful  examination  of 
the  work.  Many  other  more  or  less  random  opinions  were  uttered 
as  to  the  cause  of  the  giving  way  of  the  embankment,  at  the 
date  and  subsequent  to  the  inquest. 

"  We  ourselves  formed  a  decided  view  as  to  the  true  causes  of 
the  catastrophe,  and  explained  them  in  former  pages  of  this  Jour- 
nal, with  the  aid  of  diagrams. 

"  The  essence  of  our  solution  was  this,  that  the  porosity  of 
the  inner  or  up-stream  prism  of  the  embankment,  formed  as  it 
was  of  alternate  layers  of  earth  and  of  loose  stones,  gradually 
permitted  the  whole  of  that  prism  to  get  water-soaked,  and  so  to 
bring  the  water  pressure  as  a  hydrostatic  force  at  last  right  against 
the  up-stream  vertical  side  of  the  puddle  wall  in  the  embankment. 
When  that  took  place,  the  whole  resistance  of  the  embankment 
became  reduced  merely  to  that  of  the  puddle  wall  and  the  outer 
prism.  These,  it  admits  of  demonstration,  were  not  alone  capable 
of  sustaining  continuously  the  pressure  of  the  water  in  the  re- 
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servoir.  The  outer  prism  was  bent  or  pushed  partly  over ;  the 
top  was  thus  lowered,  and  the  first  water  that  began  to  run  over, 
or  wash  over  in  large  disturbed  waves,  rapidly  led  to  the  final 
catastrophe,  which  in  all  likelihood  was  a  great  slipping  of  the 
toe  and  down-stream  front  of  the  embankment,  after  the  firsi 
few  minutes  of  the  rush  over  and  down  the  face  had  weakened, 
and  in  part  excavated,  the  down-stream  toe  of  the  bank.  This, 
however,  is  a  different  affair  from  the  utterly  improbable  hj'^po- 
thesis  of  a  landslip  under  the  embankment. 

"  The  portion  of  the  last  report  of  the  five  engineers,  which 
we  have  placed  in  italics,  is  one  of  the  most  singularly  loose, 
gratuitous,  and  unsupported  statements  we  have  ever  seen  in  such 
a  document.  What  proof  is  offered  or  even  suggested  that  the 
materials  of  the  embankment  would  not  have  slipped  if  the  base 
on  which  it  rested  had  been  immovable  ?  and  who  has  ever  said, 
on  good  grounds,  that  it  did  slip  1  How  adroitly,  therefore,  the 
flank  is  turned  of  the  real  point  at  issue  by  taking  all  this  for 
granted,  and  then  triumphantly  adding,  we  m.ust  therefore  look 
for  other  causes  than  the  supposed  imperfecitons  of  the  matemah 
or  loorkmanship  for  the  failure  of  the  reservoir. 

"  Nothing,  as  it  occurs  to  us,  can  be  less  consequential  or  con- 
vincing than  the  attempts  at  circumstantial  argument,  by  which 
it  is  sought  to  show  that  the  whole  affair  arose  from  a  landslip 
at  or  rather  under  the  outer  toe  of  the  bank.  True  it  was  that 
slippery  soil  had  always  existed  at  the  one  side  of  the  valley, 
just  below  the  bank  ;  but  its  condition,  to  a  critical  eye,  after  the 
failure  and  inundation  was  precisely  the  same  as  it  was  before 
these.  There  was  no  sign  of  any  fresh,  sudden,  or  great  slippage, 
nor  indeed  of  any  landslip  at  all ;  and  had  any  such  occurred, 
as  its  line  of  movement  must  have  been  transverse  to  the  valley 
or  along  the  line  of  the  outer  toe,  and  towards  the  centre  of  th« 
valley  into  which  such  a  landslip  must  have  precipitated  itself, 
its  effects  would  not  have  been  to  weaken,  but  actually  to  in- 
crease the  stability  of  the  embankment. 

"  When  the  rush  of  water  took  place,  and  enormous  masses  of 
earth,  &c.,  were  thrown  forward,  and  the  whole  of  the  valley  flanks 
adj;icent  shaken  and  disturbed,  the  slippery  side  did  no  doubt, 
more  or  less,  descend  bodily,  though  very  slightly,  and  the  cot- 
tages upon  this   side  came  with  it  by  some  small  amount,  and 
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possibly  cracked  their  walls  more  or  less.  But  what  trustworthy 
evidence  is  there  that  they  were  not  cracked  before  ?  How  ex- 
traordinary an  example  of  the  post  hoc  propter  hoc  mode  of 
reasoning  it  is  to  take  these  events,  all  of  which  may  be  just  as 
easily  viewed  as  consequences,  for  the  causes  of  the  phenomenon  ! 

"  There  is  nothing  in  the  fact  that  the  reservoir  was  quite  full 
for  some  short  time  and  appeared  to  stand  well,  and  yet  failed  at 
last,  that  necessarily  supports  the  view  of  the  live  engineers'  re- 
port. On  the  other  hand,  this  is  precisely  the  successive  order 
of  facts  that  we  should  expect  as  consonant  with  the  solution  we 
have  given,  and  to  the  truth  of  which  they  present  strong  cor- 
roborative evidence. 

"  While  the  whole  embankment,  inside  and  outside  prisms, 
resisted  the  water  pressure,  it  remained  safe  and  sound.  The 
soakage  of  the  inner  prism  was  a  work  of  time,  the  duration  of 
which  depended  on  the  greater  or  less  porosity  of  the  strata  of 
its  material.  Until  the  water  as  a  continuous  fluid  had  worked 
its  way  fairly  into  the  upper  face  of  the  puddle  wall,  all  may 
have  been  well.  At  length,  however,  the  continuity  of  fluid  in- 
volved continuity  of  hydrostatic  pressure,  transferred  now  from 
the  outside  of  the  inner  slope  of  the  inner  prism  to  the  nearly 
vertical  inner  face  of  the  contained  puddle  wall ;  and  then  the 
consequence  was  as  we  have  indicated  before. 

"  The  assertions  of  the  five  reporters  (for  we  cannot  dignify 
them  with  the  title  of  conclusions)  that  the  work  was  all  well 
done,  and  deserved  no  exception  to  be  taken  to  it — that  the 
failure  arose  from  this  assumed  landslip — and  that  it  is  vain  to 
look  for  any  other  cause  for  it — -may  be  very  polite  to  the  reputa- 
tions principally  concerned,  and  very  politic  on  the  part  of  hy- 
draulic engineers  in  general  anxious  to  allay  the  alarm  of  the 
public  as  to  big  reservoirs  and  embankments  ;  but  we  take  leave 
to  say  is  very  far  from  being  a  philosophically  true  and  search- 
ingly  exact  statement  of  the  facts,  or  a  logical  consideration  of 
the  conclusions  to  which  their  accurate  statement  and  colligation 
should  have  led. 

"  We  therefore  venture  to  commend  to  such  of  our  readers  as 
are  professionally  or  otherwise  interested  in  the  Sheffield  accident 
(if  so  it  may  be  called)  to  turn  back  to  our  previous  article  on 
the  subject  and   reperuse  it,  with  the  report  above  referred  to 
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before  them,  and  draw  their  own  conclusions." — Practical  Me- 
chanic's Journal. 


DIVISION  THIRTEENTH. 

AGRICULTURAL  MACHINERY. 

112.  The  Royal  Agricultural  Society's  Meeting  at  Plymouth. 
— In  this  department  the  feature  of  the  year  was,  as  usual,  the 
above;  from  a  notice  of  which  in  the  *'  Practical  Mechanic's  Jour- 
nal" we  take  the  following  : — "This  meeting,  the  visit  of  the 
Prince  and  Princess  of  Wales,  and  the  arrival  of  the  French  squad- 
ron at  Plymouth,  have  created  an  unusual  amount  of  public  in- 
terest to  be  directed  to  the  western  metropolis.  Although  no  doubt 
desirable  for  the  general  good  of  agriculture  that  the  meeting  of 
this  powerful  society  should  be  held  in  all  parts  of  England,  it  is 
clearly  a  loss  to  the  society,  and  to  the  bulk  of  exhibitors,  when 
the  meeting  happens  to  take  place  in  a  district  so  remote  as  the 
extreme  west.  The  visit  of  the  Prince  and  Princess  of  "Wales, 
and  the  accidental  arrival  of  the  French  squadron,  have,  how- 
ever, contributed  to  enlarge  the  number  of  visitors  ;  but  nothing 
like  the  numbers  attained  in  the  central  counties  can  be  this 
year  expected.  The  railroad  accommodation  is  too  scanty  to 
supply  the  desired  number  of  shilling  visitors. 

"  The  implements  exhibited,  to  which  our  attention  has  been 
exclusively  directed,  show  no  falling  off  in  point  of  numbers, 
there  being  no  less  than  4,023  separate  entries.  We  are  glad  to 
recognise  the  names  of  all  the  large  firms  as  exhibitors,  and  the 
stands  also  disclose  a  fair  number  of  local  names.  The  show 
each  year  seems  to  bring  to  light  a  number  of  small  makers  in 
the  separate  localities,  showing  that  in  the  aggregate  agricul- 
tural implement  makers  form  no  contemptible  section  of  the 
community. 

"  Our  readers  are  aware  that  the  society  takes  a  certain  class 
of  implements  into  examination  each  year.  The  prizes  at  Ply- 
mouth are  given  to  drills,  horse  hoes,  haymakers,  horse  rakes, 
grass  mowers,  and  reaping  machines  ;  and  such  numbers  of  these 
implements  have  been  exhibited  and  tested  as  to  tax  severely  the 
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powers  of  the  judges,  whilst  the  exhibitors  in  some  instances 
loudly  complain  that  sufficient  time  is  not  given  to  thoroughly 
test  each  machine. 

"  The  reaping  and  mowing  machines  have  this  year  attracted 
greatest  notice.  Many  farmers  who  have  quite  made  up  their 
minds  to  mechanical  cutting,  have  postponed  their  decision  as  to 
the  machine  to  be  purchased  until  after  the  Plymouth  show.  We 
fear,  however,  that  the  trials  have  been  conducted  under  such  un- 
favourable circumstances  as  to  render  the  result  of  comparatively 
small  value. 

"  Few  of  the  tipping-platforms  could  work  without  frequent 
stoppages,  the  crops  being  too  heavy  and  tangled  for  them.  In 
ordinary  crops,  however,  the  tipping-platform,  if  properly  con- 
structed, greatly  facilitates  delivery.  Wood's  and  Hornsby's 
platforms  acted  well,  and  Picksley  and  Sim's  machine  made  very 
satisfactory  work.  The  best,  however,  was  that  of  Cuthbert's 
simply-made  machine,  with  a  flat  immovable  platform,  the  cut- 
ting being  beautifully  done,  and  the  delivery,  in  small  bunches 
ready  for  binding,  accomplished  with  regularity  and  apparent 
ease.  In  Hornsby's  new  reaper,  a  rakeman  gathers  the  crop  to 
the  machine,  catches  the  cut  corn  upon  a  tipping  platform,  and 
by  a  movement  of  his  foot  drops  the  bunch  uj^on  a  number  of 
endless  chains  on  a  lower  platform,  these  delivering  the  bunch  at 
one  side  out  of  the  next  track  of  the  horses.  This  machine  has 
the  advantage  of  the  rakeman's  discretion  in  separating  and  lift- 
ing up  the  tangled  corn,  and  forming  it  into  a  proper  bunch, 
while  the  man  is  relieved  of  the  pushing  the  cut  corn  ojff  the 
platform.  But  the  sheaves  are  not  only  laid  in  good  form  for 
binding — an  important  point,  both  in  facilitating  labour  and 
securing  most  of  the  ears  at  the  top  of  the  '  stook '  when  set  up 
— they  are  also  delivered  completely  out  of  the  way  of  the  next 
course  of  the  machine ;  so  that,  as  with  all  side-delivery  reapers, 
the  machine  has  never  to  wait  for  the  precise  number  of  hands 
proportioned  to  the  crop,  and  barley  or  heavy  wheat  may  be  left 
for  any  length  of  time  untied  and  drying  under  sun  and  air. 
Self-acting  sheafing  machines  have  been  introduced  since  the  last 
(or  Leeds)  trial  of  reapers,  and  with  considerable  success.  Samuel- 
son's  automatic  rakes,  revolving  something  like  four  sails  of  a 
v/indmill  on  an  axis  nearly  vertical,  and  guided  by  a  circular 
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cam  so  as  to  enter  into  the  crop  endwise,  lay  the  corn  back  over 
the  cutters,  and  then  clear  off  the  cut  sheaf  by  sweeping  radially 
over  the  platform,  worked  with  a  quiet  motion  favourable  to  very 
ripe  grain. 

"Wood's  machine,  with  a  single  rake-arm,  revolving  in  a 
similar  position,  but  in  conjunction  with  an  ordinary  reel  on  a 
horizontal  axis  for  bringing  the  corn  upon  the  platform,  has  also 
great  merit ;  and  the  dehvery  can  be  delayed  at  pleasure  by  the 
driver,  to  form  sheaves  of  any  size.  Burgess  and  Key's  machine 
made  the  cleanest  and  best  cut,  but  the  breadth  taken  proved  too 
much  for  the  delivering  powers  of  the  rake ;  and  the  velocity  of 
the  rake  (revolving  in  the  place  of  one  of  the  real  boards)  caused 
it  to  toss  up  into  the  air  much  of  the  corn  that  should  have  been 
quietly  laid  in  neat  sheaves. 

"  One  point  made  apparent  during  the  trials  is,  that  sheaf  de- 
livery, if  not  effected  by  too  sudden  and  violent  a  motion,  thrashes 
out  less  grain  than  swathe  delivery  does,  as  only  the  outer  por- 
tions of  each  sheaf  meet  with  concussion,  while  in  the  swathe 
almost  every  ear  encounters  a  hard  stroke  from  the  reel-board, 
the  platform,  or  projections  on  the  belts  or  chains.  The  screw 
platform  of  Burgess  and  Key's  old  machine  was  comparatively 
free  from  this  objection ;  Hornsby's  swathing  machine  worked 
very  well  until  the  crop  proved  too  much  for  the  dividing  iron  ; 
and  the  machines  of  the  Beverley  Company  hardly  proved  equal 
to  the  difficult  task  before  them.  These  reapers  possess  peculiar 
facilities ;  the  horses,  walking  behind,  can  charge  into  the  midst 
of  a  standing  crop  without  any  previous  opening  of  a  path  by  the 
scythe,  and  the  swathe  may  be  delivered  to  right  or  left ;  and,  as 
there  is  no  '  side  draught,'  the  three- horse  machine  can  take  an 
eight-feet  width  of  cut,  mowing  a  much  larger  acreage  per  day 
than  is  attainable  by  any  other  reaper.  The  framing,  the  posi- 
tion of  the  platform,  and  details  of  the  working  parts,  have  been 
lately  much  improved. 

"  Fourteen  grass  mowers  were  tested  upon  a  piece  of  thin, 
weedy  meadow,  laid  flat  by  rain,  and  with  a  difficult  bottom  for 
the  cutters  to  travel  over.  In  Barber's  Eagle  mower  you  can  lift 
either  end  of  the  finger-bar  to  pass  over  an  obstruction.  In 
Samuelson's  mower  you  raise  the  finger-bar  and  set  the  wheel- 
work  in  or  out  of  gear — all  by  means  of  your  foot.      In  Child's 
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American  '  clipper '  the  draught-iron  from  the  whipple-trees  is 
made  to  relieve  the  finger-bar  of  its  downward  pressure  upon  the 
ground,  and  by  a  lever  you  can  give  the  cutters  more  or  less 
pitch,  without  stopping  the  horses.  In  Hornsby's  mower  the 
finger  bar  is  at  liberty  not  only  to  rise  and  fall  of  its  own  accord 
at  either  end,  but  also  to  twist  as  it  were,  so  that  the  cutters 
always  creep  close  to  the  ground,  the  '  pitch '  being  self- regulated 
by  a  small  castor-wheel  travelling  in  advance.  In  Kearsley's 
mower  the  whole  frame  accommodates  itself  in  this  manner  to  in- 
equaUties  of  surface,  gauged  by  a  larger  castor- wheel  travelling  in 
front,  and  the  framework  is  of  wrought  iron.  Burgess  and  Key's 
new  mower  packs  all  the  mechanism  in  a  wonderfully  small 
space  between  the  finger-bar  and  one  of  the  main  driving 
wheels,  over  the  track  cleared  by  the  last  course  of  the  machine ; 
and  thus  the  crank -shaft  can  be  placed  close  to  the  ground, 
bringing  it  on  a  level  with  the  cutters,  reducing  the  friction  in 
work,  and  shortening  and  strengthening  the  connecting-rod. 

"  Between  Thursday  morning  and  Saturday  night  nine  general- 
purpose  drills,  fifteen  corn-drills,  fourteen  small-occupation  corn- 
drills,  two  hill-side  delivery- drills,  fourteen  turnip-drills  on  the 
flat,  eight  turnip-drills  on  the  ridge,  five  drills  for  small  seeds, 
four  drill-pressers,  eight  dry-manure  distributors,  three  liquid- 
manure  drills,  five  liquid-manure  distributors,  and  nine  horse- 
lioes  on  the  flat,  were  subjected  to  actual  trial.  The  drills  were 
worked  in  turn  with  the  requisite  varieties  of  seeds  and  manures, 
the  construction  and  mechanical  details  examined,  and  selected 
drills  made  to  deposit  upon  hard  road,  where  the  regularity  of 
distribution  could  be  seen,  as  well  worked  for  some  time  with  the 
coulters  in  pulverized  soil.  Hornsby's  arrangement  of  the  manure 
barrel  in  the  common  drill  is  an  efi"ective  improvement.  Coultas 
has  introduced  many  simple  but  valuable  details  into  his  first- 
class  drills  for  all  purposes,  more  particularly  the  copper  '  tins ' 
for  artificial  manure.  Reeves  has  furnished  his  liquid-manure 
drill  with  a  cylinder  that  prevents  the  cups  from  breaking ;  and 
Sainty  has  brought  out  a  novelty  in  the  shape  of  springs  instead 
of  weights  upon  the  drill  levers,  an  invention  that  lightens  the 
implement,  and  adds  to  its  efliciency  where  level  and  well-pul- 
verized seed-beds  are  to  be  sown.  In  dry-manure  distributors, 
little    advance   has    been    made    upon  Chambers's  barrel,  with 


412  ENGINEERING  FACTS.  [Div.  XIII. 

scrapers  for  sowing  either  minute  or  considerable  quantities  per 
acre.  Priest  and  Woolnough's  horse-hoe  now  competes  against 
the  novel  implement  of  Sainty,  with  the  spring  levers  and  light 
lifting  frame  supplanting  the  old  chains  and  winding  barrel,  and 
Hornsby  brings  out  a  horse-hoe  having  a  swing  steerage  operat- 
ing with  spring  hangers  in  an  exact  and  easy  manner.  These 
weeding  implements  were  tried  upon  young  growing  rye,  and 
again  upon  a  turnip  crop. 

"  Amongst  the  heavier  class  of  machinery  we  noticed  Aveling 
and  Porter's  eight-horse  power  locomotives,  which  travelled  from 
Rochester,  hauling  another  engine  and  a  couple  of  heavy  trucks 
along  the  turnpike  roads  at  the  rate  of  about  fifty  miles  a-day. 
John  Fowler  &  Co.  exhibit  a  ten-horse  power  single  cylinder 
engine,  fitted  for  traction  purposes  and  stationary  driving  only, 
without  the  cultivating  gear.  This  engine  demonstrated  clearly 
by  various  experiments  its  great  power  and  remarkable  facilities 
at  different  speeds  and  varying  loads  upon  all  sorts  of  curves  and 
gradients.  The  Leeds  Steam-plough  Works  exhibit  here,  in 
operation,  both  the  single  and  double  engine  system  of  steam 
culture.  Messrs  Howard,  of  Bedford,  show  the  adaptability  of 
their  new  traction-engine  for  working  upon  hill-sides,  the  boiler 
being  placed  crosswise  upon  the  carriage  frame,  and  thus  preserv- 
ing the  water-level." 

113.  Traction,  and  other  Engines,  on  Common  Roads. — "The 
applicability  of  steam  to  common  roads  is  a  problem  of  great 
importance,  but  one  that,  as  yet,  has  been  only  partially  solved. 
Eailways  have  rendered  us  dissatisfied  with  old-fashioned  modes 
of  conveyance  ;  and  although  vast  sums  have  been  expended  on 
more  than  20,000  miles  of  turnpike  road  in  England  and  Wales, 
these  splendid  monuments  of  energy  and  skill  would  seem  likely, 
in  future,  to  be  of  comparatively  but  little  use.  Yet,  in  their 
day,  they  gave  a  great  impulse  to  the  progress  of  civilization,  and 
contributed  immensely  to  the  comfort  and  convenience  of  the 
public ;  aff'ording  a  facility  of  communication  between  distant 
places  that  contrasted  veiy  strikingly  with  what  alone  was  pos- 
sible with  the  miserable  roads  of  an  earlier  period.  They  super- 
seded the  bridle  paths  and  narrow  lanes  by  which,  in  former 
times,  the  country  was  sparingly  intersected ;  but,  in  their  turn, 
they  have  been  superseded  by  railways.     The  latter  have,  how- 
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ever,  their  disadvantages.  On  common  roads  extortion  was  kept 
down  by  the  danger  of  successful  competition ;  with  railways 
there  is  no  wholesome  fear  of  such  retribution ;  their  monopoly 
is  so  certain  that  they  fear  no  rivals  3  and  hence  railway  com- 
panies, knowing  how  much  the  public  is  at  their  mercy,  do  far 
less  than  they  ought  for  the  accommodation  or  the  comfort  of  the 
traveller.  But  this  is  a  narrow-minded  policy.  At  present 
people  travel  as  little  as  they  can ;  under  a  better  system  they 
would  travel  as  much  as  they  could :  in  the  one  case,  travelling 
is  an  annoyance  that  is  dreaded ;  in  the  other  it  would  be  a 
pleasure,  to  be  enjoyed  as  often  as  possible.  But  abuses,  in  the 
long  run,  suggest  their  own  correctives,  and  parliamentary  inter- 
ference may  at  length  become  necessary.  There  is  one  remedy, 
however,  which  might  be  found  more  or  less  effective — the  utili- 
zation of  common  roads,  by  using  them  for  steam  carriages.  In 
some  rare  cases  the  best  mode  of  doing  this  would  be  by  rails  or 
tramways  ;  but  in  most,  these  would  be  too  expensive,  or  would 
interfere  with  the  ordinary  traffic  of  the  road.  Traction  engines, 
steam  omnibuses,  &c.,  of  an  unexceptional  kind,  would  answer 
the  purpose  in  most  instances.  These  have  as  yet,  however, 
scarcely  attained  that  perfection  of  detail,  or  that  economy  of 
construction  and  maintenance  which  would  suggest  their  general 
adoption.  Yet  coal  affords,  unquestionably,  a  cheaper  motive 
power  than  hay  or  oats ;  and  the  general  use  of  good  traction- 
engines,  &c.,  on  common  roads,  would  lessen  the  over- traffic  by 
which  railways  are  oppressed,  and  in  meeting  which  the  public 
safety  is  imperilled.  They  are,  indeed,  open  to  objections,  which 
seem  to  have  great  weight.  On  ordinary  roads  they  would  re- 
quire the  most  unceasing  vigilance,  or  frequent  collisions  would 
take  place.  But  it  may  be  replied  that  a  very  nearly  equal  care 
is  requisite  on  the  part  of  those  who  drive  omnibuses  and  other 
vehicles  drawn  by  horses.  And,  as  a  compensation  for  any  extra 
attention  required  by  steam-horses,  it  should  be  borne  in  mind 
that  they  are  thoroughly  docile  and  obedient,  never  run  away, 
and  when  required  to  stop,  will  do  so  in  the  shortest  time  com- 
patible with  their  getting  rid  of  the  motion  which  urges  them 
onward. 

"  It  is  supposed  that  traction  steam-engines  on  common  roads 
would  frighten  horses ;  but  time  would  soon  cure  this  evil,  as  it 
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has  done  in  the  case  of  the  railways,  which  often  pass  very  near 
crowded  thoroughfares,  in  full  view  of  horses  who,  being  more  or 
less  accustomed  to  them,  take  little  or  no  notice  of  them.  The 
steam  carriage  is  said  to  injure  the  road  ;  but  its  broad  wheels — 
and  there  is  no  good  reason  why  they  should  not  be  broad — will, 
on  the  contrary,  do  good  service.  It  is  true  that  the  great  diffi- 
culty with  traction-engines,  &c.,  is  the  obtaining  a  sufficient  hold 
on  the  road,  so  as  to  prevent  the  wheels  from  revolving  without 
progression,  and  that  this  is  effected  by  protuberances  which  sink 
into  the  road.  But  any  slight  injury  that  may  be  caused  in  this 
way  is  far  less  than  what  arises  from  the  horses'  feet,  in  their 
endeavour  to  obtain  that  hold  of  the  road  which  is  necessary  also 
to  them,  to  enable  them  to  progress  even  with  ordinary  loads. 

"  Strenuous  efforts  have  been  made  at  various  times  to  intro- 
duce steam  on  common  roads,  and  exceedingly  ingenious  con- 
trivances have  been  used  for  the  purpose.  But  in  most,  if  not 
in  all  cases,  that  very  ingenuity — resulting  in  complexity  and 
lightness  little  suited  to  the  rude  shocks  to  which  heavy  vehicles 
on  common  roads  are  inevitably  exposed — rendered  the  cost  of 
construction  and  repairs  inadmissible  in  a  commercial  point  of 
view,  even  when  the  experiments  were  in  other  respects  entirely 
successful.  Hancock,  Gurney,  and  others,  although  their  perse- 
vering efforts  were  not  sufficient  to  save  their  projects  from 
failure,  have  added  to  our  stores  of  mechanical  and  constructive 
science. 

"  If  the  time  is  not  yet  come  for  the  application  of  steam  to 
the  general  traffic  on  common  roads,  there  are  certain  circum- 
stances in  which  it  has  already  been  found  not  only  a  con- 
venience, but  a  necessity ;  thus,  in  dockyards,  large  factories,  &c. 
At  first,  even  in  these  cases,  the  experiments  were  not  attended 
with  very  encouraging  results.  In  steam  carriages  and  steam 
omnibuses  simplicity  has  been  almost  always  lost  sight  of;  and 
tliis  mistake  was  made  even  with  traction-engines.  In  attempt- 
ing too  much,  they  failed  to  do  as  much,  therefore,  as  they  might. 
It  was  not  enough  that  they  were  capable  of  locomotion  on  good 
roads ;  it^vas  sought  to  make  them  suited  to  travelling  through 
miserable  lanes  and  bye-roads,  and  even  over  morasses;  and  in 
many  instances  they  were  expected  at  the  same  time  to  be 
capable  of  driving  machinery,  extinguishing  fires,  &c.      Endless 
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railways  and  other  complicated  contrivances  were  therefore  at- 
tached  to  them,  and  their  real  capabilities  were  in  a  great  degree 
overlooked,  in  the  desire  to  make  them  possess  powers  that  were 
comparatively  unimportant. 

"  Traction  and  other  steam  engines  on  common  roads  are  ex- 
posed to  certain  great  and  peculiar  inconveniences ;  among  these, 
not  the  least  is  the  necessity  of  stoppages  for  a  supply  of  water 
and  fuel.  But  such  delays,  and  the  diminished  speed  in  ascend- 
ing hills,  &c.,  must  be  compensated  for  by  a  good  use  of  the 
better  portions  of  the  road,  and  only  a  fair  average  velocity  must 
be  looked  for. 

*'  The  concussions  to  which  steam  engines  on  common  roads 
are  exposed — an  evil  increased  by  their  necessarily  considerable 
weight — render  solidity  and  simplicity  essential  to  their  success. 
While,  at  the  same  time,  the  loads  they  are  capable  of  drawing 
are  limited  by  the  amount  of  adhesion  between  the  driving- 
wheels  and  the  road. 

"  Steam  locomotion  on  common  roads  has  made  but  slow  pro- 
gress. JS'early  one  hundred  years  ago,  Cugnot  proved,  by  a  ma- 
chine which  still  exists,  that  steam  locomotion  on  ordinary  roads 
was  possible.  Locomotives  were  not  used  on  railways  until  1804  ; 
and  yet  locomotives  have  far  outstripped  road  engines  in  the 
race.  The  latter  are  still  struggling ;  the  former  have  come  into 
general  use.  Engines  for  common  roads  have  not,  however,  at 
any  period  been  forgotten.  From  time  to  time,  enthusiastic  ex- 
perimentalists have  taxed  their  brains  and  dissipated  their  means 
in  attempts  to  bring  them  to  perfection.  Occasionally,  even, 
success  seemed  to  have  been  achieved.  Hancock's  omnibuses 
ran  regularly  for  some  time  between  Paddington  and  the  City ; 
but,  in  the  end,  the  railway  locomotive  extinguished  its  compe- 
titor. In  old  times,  the  velocity  possible  to  steam-engines  on 
common  roads  might  have  abundantly  satisfied  the  public;  but 
now  the  mails  and  passengers  require,  as  a  rule,  a  speed  that 
would  be  out  of  the  question  on  common  roads.  Hence,  perhaps, 
the  slow  progress  of  road  engines ;  they  are  not  so  important  as 
they  would  have  been  at  an  earlier  period,  and,  therefore,  inge- 
nious men  have  not  given  them  the  attention  which  is  necessary 
to  bring  them  to  the  perfection  of  which  they  are  undoubtedly 
capable.     Yet    railways,   though   they   have  lessened,  have  not 
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done  away  with  the  necessity  for  a  good  use  of  ordinary  roads, 
which  penetrate  the  country  in  every  direction,  and  extend  into 
nooks  and  corners  into  which  railways  will,  perhaps,  never  ven- 
ture. Above  all,  the  common  roads  would  be  found  very  con- 
venient for  short  distances,  and  for  transit  to  railway  stations. 

"  There  is  no  reason  why  traction-engines,  &c.,  should  not  come 
into  ordinary  use.  Steam  is  certainly  in  many  respects  more 
convenient  than  horse-power,  and  ought  to  be  more  economical 
A  great  obstacle  to  the  more  general  introduction  of  traction  en- 
gines is  due  to  the  opposition  they  encounter  from  those  who 
have  control  over  the  roads,  and,  above  all,  to  the  order  recently 
issued  by  the  Home  Secretary,  that  they  should  not  travel  on 
common  roads,  except  in  the  night  time — an  order  tantamount  to 
a  prohibition  of  the  use  of  steam-engines  for  agricultural  pur- 
poses. This  appears  the  more  unreasonable,  as  Government  has 
distinctly  recognised  the  value  of  traction-engines  in  its  dock- 
yards. The  passage  of  steam-engines  along  public  roads  by  night, 
must  be  attended  with  a  danger  which  has  not  been  found  to 
exist  by  day.  Their  noise  and  smoke  are,  no  doubt,  objection- 
able ;  but  these  are  not  inseparable  from  them.  The  great  incon- 
venience and  even  injustice  of  their  prohibition,  was  shown  very 
clearly  by  a  deputation  to  Sir  George  Grey,  on  the  10th  of  Feb- 
ruary. If,  generally  speaking,  traction  engines,  &c.,  are  too  wide, 
and  take  up  too  much  space,  it  might  easily  be  remedied.  Un- 
reasonable opposition  is  an  impediment  to  the  progress  of  im- 
provement ;  but  no  great  change,  however  advantageous,  has  ever 
entirely  escaped  it." — From  an  article  in  the  "  Scientific  Review.'^ 

114.  The  New  Traction  Engine  Act. — "  There  are  many  direc- 
tions in  which  the  work  of  a  mechanical  innovator  in  this  coun- 
try is  the  work  of  a  traveller  or  settler  in  an  Indian  jungle,  or 
in  the  backwoods  of  the  Far  West.  Before  he  can  make  much 
progress,  he  has  to  cut  down  a  whole  forest  of  obstructiveness ; 
and  his  time  and  energies  are  often  exhausted  by  futile  endea- 
vours in  clearing  away  the  medieval  rubbish  of  prejudice.  A 
task  of  this  kind  has  been  for  more  than  thirty  years  the  lot  of 
workers  in  the  application  of  steam  to  common  roads;  and,  me- 
taphorically, the  bones  of  a  previous  generation  of  inventors 
whiten  the  track  of  this  direction  for  mechanical  enterprise. 
Apart  from  the  usual  difficulties  attendant  on  any  innovation. 
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the  traction  engine  has  had  to  overcome  two  main  impediments  in 
this  country.  Local  opposition  and  prejudice  have  taken  the 
concrete  form  of  impossible  tolls  in  the  highway;  and  the  well- 
meant  interference  of  legislation  has  been  greatly  marred  by  want 
of  engineering  knowledge  on  the  part  of  the  legislators. 

"  With  respect  to  the  tolls  charged  previous  to  the  Locomotive 
Act,  1861,  Mr.  Gurney  stated,  in  1831,  before  the  House  of 
Commons,  that,  for  instance,  on  the  Liverpool  and  Prescot  road 
his  steam  carriage  would  be  charged  £2  8s.  against  6s.  for  a  stage 
coach;  ^£1  7s.  Id.  on  the  Bathgate  road;  and  £2  on  the  Ash- 
burton  and  Totnes  road,  while  a  stage  coach  would,  at  both 
places,  have  had  only  to  pay  5  s.  These  tolls  were  rendered 
more  reasonable  by  the  Locomotive  Act  of  1861,  which,  while 
doing  a  certain  amount  of  good,  is,  on  the  other  hand,  by  no 
means  free  from  deficiencies.  The  great  and  increasing  impor- 
tance of  steam  transit  on  common  roads  is  now  beginning  to  be 
more  understood ;  and  having  received  a  fresh  impulsion  by  the 
application  of  steam  to  ploughing  and  agriculture  generally,  a  re- 
vision of  the  law  has  been  long  called  for  from  many  quarters, 
and,  amongst  others,  by  ourselves.  Mr.  Holland,  M.P.,  well- 
known  to  scientific  agriculturalists,  seconded  by  Sir  Edward  Ber- 
ing, M.P,  and  Sir  John  D.  Hay,  M.P.,  has  accordingly  intro- 
duced a  fresh  biU  for  the  purpose,  and  it  has  been  already  read 
twice  in  the  House, 

"  The  new  Act  first  of  all  proposes  to  repeal  the  fifth,  ninth, 
and  eleventh  clauses  of  the  Locomotive  Act  of  1861.  The  abo- 
lition of  the  fifth  clause  of  this  Act,  by  taking  away  the  power 
of  the  Secretary  of  State  to  prohibit  the  use  of  any  traction  en- 
gine causing  *  excessive  wear  and  tear  of  the  highways,'  or  sup- 
posed to  be  *  dangerous  to  the  public,'  must  be  a  great  boon.  It 
will  do  away  with  the  arbitrary  and  intermittent  interference  of 
the  Home-office,  which  has  been  often  called  for  by  prejudiced 
local  cliques.  Instead  of  the  ninth  clause  of  the  old  Act — re- 
quiring two  persons  to  every  engine,  and  a  third  if  the  engine  be 
dragging  more  than  two  waggons — at  least  three  persons  have 
to  be  employed  for  the  engine,  besides  the  man  attending  to  the 
waggons.  This  third  man  has  to  *  precede  the  engine  by  not  less 
than  sixty  yards,'  and  the  engine  has  to  be  stopped  or  worked  to 
his  signalling.     Any  steam  whistling,  or  opening  the  mud  cocks, 

2  D 
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or  blowing-ojff  at  the  safety  valves  is  prohibited  while  on  the 
road ;  and  the  engine  must  be  stopped  if  required  by  anybody 
managing  a  horse  in  the  neighbourhood  of  the  engine.  Nothing 
is  said  about  any  lights  to  be  used  at  night.  The  limit  of  speed, 
according  to  the  1861  Act,  is  ten  miles  an  hour  on  a  turnpike 
road,  and  five  miles  an  hour  in  passing  through  the  streets  of  a 
town  or  village.  This  is  limited  by  Mr.  Holland's  bill  to  four 
miles  an  hour  and  two  miles  an  hour  respectively.  At  present, 
'  no  locomotive  shall  exceed  7  ft.  in  width,  or  12  tons  in  weight,' 
except  by  special  leave  from  the  municipal  or  other  authorities  of 
the  district  where  it  is  intended  to  be  worked.  These  limits  are 
to  be  increased  to  9  ft.  width,  and  14  tons  weight,  but  the  tires 
of  the  wheels  are  to  be  proportioned  as  previously.  As  will  be 
remembered,  the  minimum  breadth  is  fixed  at  3  in.  for  any  trac- 
tion engine,  '  not  drawing  any  carriage,'  the  width  having  to  be 
increased  1  in.  for  every  additional  ton,  or  fraction  of  a  ton; 
while  every  traction  engine  '  drawing  any  waggon  or  carriage, 
shall  have  the  tires  not  less  than  9  in.  in  width.'  The  wheels- 
must  also  '  be  cylindrical,  and  smooth  soled,  or  used  with  shoes, 
or  other  bearing  surfaces,  of  a  width  not  less  than  9  in.' 

"  The  feeling,  after  perusing  this  bill,  is  that  of  a  sort  of  thank- 
fulness for  small  mercies.  Its  framers  are  evidently  firm  be- 
lievers in  the  proverbial  *  chi  va  piano,  va  sano  et  lontano,'  and 
apply  it  to  both  the  engines  and  the  enactments  regulating  their 
use.  However,  we  do  not  object  to  the  limitation  of  speed.  In  the 
meantime  the  horses  will  become  educated  to  the  steam  engine, 
and  the  speed  may  then  be  increased.  At  any  rate  it  will  put  a 
stop  to  amateurs  rushing  wildly  through  the  country  on  traction 
engines — frightening  good  people  out  of  their  wits — and  retard- 
ing their  application  to  useful  purposes.  In  the  next  place,  by 
taking  away  the  power  of  the  local  authorities  for  undue  inter- 
fereiice,  it  will  undoubtedly  do  much  good.  The  state  of  tilings 
is  now  more  equalised,  and  local  impediments  are  smoothed  down 
by  the  legislative  garden  roller.  But  the  bill  has  some  of  the 
shortcomings  of  its  predecessors,  and  it  shows  distinct  traces  of  a 
want  of  technical  knowledge.  It  still  requires  smooth  wheels, 
limiting  the  width  of  the  tires  to  nine  inches. 

"  These  requirements,  and  especially  the  first,  are  of  course  in- 
tended to  meet  the  danger  of  injury  to  the  road.    Now  its  framers 
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would  doubtless  be  surprised  when  we  tell  them  the  requirement 
of  a  smooth  surface  just  tends  to  defeat  their  purpose.  As  long 
as  a  wheel  does  not  slip,  it  is  more  likely  to  do  good  than  harm 
to  the  macadamised  surface ;  but  as  soon  as  it  slips,  the  wheel 
then  acts  as  a  sort  of  portable  grindstone,  literally  grinding  up 
the  metal  of  the  road  at  particular  places.  We  do  not  by  any 
means  propose  that  spikes  or  spades  should  be  used  on  the  peri- 
phery of  the  wheels ;  but  there  is  a  mechanical  golden  mean  be- 
tween the  portable  grindstone  and  the  portable  digger.  A  num- 
ber of  hemispherical  steel  studs  spread  over  the  surface  of  the 
tyre,  and  jutting  out  from  half  an-inch  to  three-quarters,  would 
commonly  prevent  slipping,  on  the  one  hand,  and  as  often  the 
use  of  paddles,  on  the  other. 

"  The  fact  is,  that  we  would  strongly  advise  Mr.  Holland  to 
take  scientific  evidence,  not  merely  upon  the  mechanical  points 
of  modern  traction  engines,  but  on  the  whole  question  as  to  their 
use.  It  is  not  improbable  that,  with  the  same  weight  of  traffic, 
the  road  would  be  injured  much  more  by  the  hoofs  of  the  horses 
than  by  the  wheels,  smooth  or  spiked,  of  the  steam  cart-horse. 
There  is  another  question  of  enormous  importance:  How  far  may 
it  be  expected  to  serve  instead  of  the  expensive  feeders  of  main 
lines  of  railways'?  There  is  now  more  than  one  member  of  the 
House  who  owes  much  of  his  wealth  and  position  to  his  having 
promoted  the  formation  of  needless  *  feeders'  of  lines  of  railway 
— feeders  which  have  acted  with  a  strong  force  of  suction  on  the 
pockets  of  the  unfortunate  original  shareholders.  We  should  say 
that  one  of  these  men  would  be  louder  than  anybody  else  if  his 
team  of  thoroughbreds  happened  to  start  at  a  gust  of  steam  from 
the  exhaust  pipe  of  a  traction  engine." — Engineer. 

115.  On  the  Application  of  Madiinery  to  Agriculture — Some 
Points  Affecting  its  Future. — From  a  series  of  articles  by  E. 
Scott  Burn  in  the  '*  Scientific  Review,"  under  the  above  title,  we 
take  the  following:  "The  most  economical  way  to  apply  the 
power  of  steam  to  the  culture  of  the  soil,  whether  that  be  effected 
by  the  aid  of  the  plough  or  the  grubber,  or  by  the  rotatory  cul- 
tivator, is  another  of  the  problems  which  await  a  successful  so- 
lution. Possibly  some  of  our  readers  may  think  that  the  solu- 
tion has  already  been  given ;  but  while  admitting  that  a  solution 
of  one  point  has  been  fairly  obtained,  we  are  far  from  thinking 
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that  this  is  the  case  with  the  whole  of  the  points  involved  in  the 
problem.  Thus,  while  admitting  that  it  has  been  proved  that 
steam  can  be  applied  to  cultivate  the  soil,  we  cannot  admit  that 
it  has,  as  a  rule,  shown  itself  capable  of  being  applied  economi- 
cally. A  vast  deal  has  yet  to  be  done  before  we  can  make  a 
steam  cultivating  machine  as  widely  and  as  easily  applicable  as 
the  horse-dragged  plough  or  the  grubber;  and  until  these  points 
are  reached,  it  can  scarcely  be  said  that  steam  has  accomplished 
its  mission.  Its  successful  adaptation  to  large  and  isolated  farms 
is,  no  doubt,  peculiarly  gratifying,  and  proves  what  can  be  done 
by  its  aid ;  but  its  full  power  will  only  be  witnessed  when 
it  can  be  easily  carried  out  as  a  part  of  ordinary  farm  la- 
bour in  all  localities.  And  it  is  to  aid  in  this  wide  extension 
that  the  attention  of  our  mechanicians  and  farmers  must  be  given. 
But  we  confess  to  seeing  greater  difficulties  in  the  way  of  fields 
being  presented  in  the  condition  best  fitted  to  aid  the  application 
of  steam  to  their  culture,  than  in  the  mechanical  realization  of 
plans  fitted  to  carry  it  out.  "We  have  unbounded  faith  in  the 
mechanical  abilities  of  our  engineers,  so  that,  sooner  or  later,  we 
shall  have  mechanism  adapted  to  cultivate  the  smallest  holdings ; 
but  we  have  not  an  equal  faith  in  the  likelihood  of  proprietors 
of  land  doing  what  we  conceive  should  necessarily  be  done  be- 
fore steam  cultivating  mechanism  can  receive  its  fullest  develop- 
ment. So  long  as  farmers  continue  to  look  upon  the  work  to  be 
done  in  connexion  with  steam  culture  as  being  alone  within  the 
province  of  the  engineer,  so  long  will  its  successful  realisation  be 
retarded.  Farmers  and  proprietors  of  land  have  much  to  do  to 
aid  in  this,  and  how  they  can  aid  we  have  had  occasion  more 
than  once  to  point  out;  and  if  again  we  do  so,  we  trust  cur 
readers  will  pardon  us,  not  because  the  views  we  entertain  are 
mere  crotchets  of  our  own,  but  because  we  do  consider  that  they 
have  an  important  bearing  upon  the  future  prospects  of  steam 
cultivation.  The  new  power,  then,  brings  into  existence  a  new 
condition  of  circumstances,  which  must  be  attended  to  if  the  full 
development  of  that  power  is  desiderated.  Machinery,  to  be 
used  most  economically,  must  be  used  as  continuously  as  possible ; 
the  more  breaks  and  interruptions  there  are  in  its  working,  the 
lower  the  per-centage  of  profits.  This  not  only  demands  that 
the  machine  we  work  with  shall  be  so  strong  and  well-propor- 
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tioned  that,  once  set  to  work,  it  shall  go  on  working  for  the  maxi- 
mum of  time  with  the  minimum  of  breakages  and  repairs — to 
secure  this  is  the  task  of  the  engineer — but  there  is  another  es- 
sential element  of  success,  and  that  is,  that  the  material  upon 
which  the  machine  is  to  operate  be  presented  to  it  in  the  condi- 
tion best  fitted  for  the  exercise  of  its  powers — to  secure  this  is 
the  task  of  the  party  using  the  machine.  This  may  involve  cer- 
tain preliminary  operations :  in  the  application  of  steam  power 
to  the  culture  of  land,  we  maintain  that  these  operations  are  es- 
sential. We  maintain,  further,  that  these  operations  are  the 
work  of  the  proprietor  or  farmer  of  the  land.  What  these  are 
can  only  be  briefly  alluded  to  here — namely,  the  enlargement  of 
fields,  by  taking  in  a  number  of  small  fields  ;  the  getting  rid  of 
huge  fences  and  wide  ditches,  the  levelling  of  land,  and  the  re- 
moval of  huge  boulders  from  the  soil.  These  two  positions  here 
stated  are  axiomatic  in  all  cases  where  the  application  of  machi- 
nery is  concerned,  and  they  are  as  applicable  to  farming  as  to 
any  other  branch  of  business.  If  neglected,  loss  and  disappoint- 
ment will  follow,  just  as  we  have  seen  that  they  have  followed 
in  more  instances  than  one.  When  the  farmer  fulfils  his  condi- 
tions as  well  as  the  engineer  has  fulfilled  his,  we  shall  have,  in 
the  application  of  steam  to  the  culture  of  land,  fewer  of  those 
annoying  breakages  and  stoppages,  with  which,  in  the  history  of 
the  progress  of  the  art  up  to  this  date,  we  have  been  too  fami- 
liar. The  economical  application  of  steam  to  the  cultivation  of 
the  soils  of  our  small  farms  is  thus  one  of  the  problems  yet  to  be 
solved ;  and  its  importance  may  be  estimated  from  the  fact  that 
large  fields  and  farms  where  steam  culture  can  be  most  success- 
fully carried  out  are  the  exception,  small  ones  the  rule.  But  the 
problems  connected  with  the  future  of  steam  culture  are  not  yet 
exhausted. 

"  An  important  element  in  the  discussion  of  the  points  connected 
with  Agricultural  mechanism  is  that  which  has  reference  to  the 
kind  of  work  done  by  it,  and  whether  it  is  that  which  we  require. 
Another  not  less  important  element  is  the  consideration  as  to 
whether,  having  got  a  machine  to  do  one  kind  of  work,  it  is  all 
the  kind  of  work  it  can  do,  and  all  that  we  require.  As  a  rule, 
more  and  better  work  will  be  obtained  in  agricultural  operations 
by  having  them  done  by  one  part  at  a  time,  and  that  part  done 
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by  one  implement.  But  when  we  bring  to  our  aid  the  power 
of  steam,  we  bring  such  an  expansive  and  generally  applicable 
power,  that  we  can  yoke  it  to  a  many-sided  purpose.  We  have 
seen  what  we  can  make  it  do  in  the  barn  and  the  fold,  and  from 
that  we  may  predicate  safely  that  we  do  not  exhaust  its  powers 
when  we  make  it  do  one  work  only  in  our  fields,  and  that  work 
ploughing.  Ploughing  does  not  exhaust  the  labours  of  the  field. 
We  have  to  sow  our  seed,  cover  it  in,  hoe  and  weed  the  growing 
crops,  reap  them  when  they  are  ripe,  and  cart  their  produce  from 
off  our  fields.  Can  steam  help  us  in  none  of  these  things? 
Truly,  he  knows  little  of  its  adaptability  who  thinks  it  cannot. 
But  there  must  be  an  adaptability  of  circumstances  between  the 
work  to  be  done  and  the  power  which  is  to  do  it.  Steam  has 
its  peculiarities,  and  these  must  be  attended  to  before  we  can 
command  its  powers.  One  of  these  is  the  continuity  with  which 
it  gives  out  its  force ;  and  this  economical  feature  is  connected 
with  it — the  longer  we  can  keep  it  at  work  the  cheaper  can  we 
get  that  work  done.  We  work  steam,  therefore,  to  but  a  fraction 
of  its  power  in  the  field  when  we  make  it  plough  only — making 
elaborate  preparations  for  that  process,  which  preparations  are 
valueless  after  the  primary  work  of  culture  is  performed.  It  is — 
to  borrow  an  illustration  from  the  book  trade — like  setting  up 
types  for  one  edition  only  of  a  work,  and  then  distributing  the 
types ;  whereas,  by  stereotyping  them,  we  can  reprint  the  work 
at  a  mere  trifle  of  the  cost.  This  points  at  once  to  some  means 
of  making  our  preparations  for  ploughing  our  fields  permanent, 
so  that  we  have  not  always  the  work  of  preparation  to  do  each 
time  we  cultivate  them.  Leaving  for  after  consideration  the  ques- 
tion whether  this  permanent  preparation  would  pay  for  plough- 
ing alone,  it  is  evident  that  a  point  is  offered  to  us  in  connection 
with  it  of  immense  importance — namely,  will  the  preparation  we 
make  for  ploughing  enable  us  to  do  other  work  of  the  field  by 
the  aid  of  steam  ?  If  so,  it  is  quite  clear  that  we  bring  in  another 
element  which  will  greatly  reduce  the  cost  of  the  application  of 
steam  to  the  cultivation  of  our  farms,  using  this  in  a  more  ex- 
tended sense  than  involving  preparation  of  the  soil  merely.  This 
extended  application  of  the  power  of  steam,  then,  is  another 
problem  which  awaits  the  solution  of  our  machinists.  As  yet, 
but  the  outer  hem,  so  to  speak,  of  the  subject  has  been  taken  up  ; 
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we  doubt  not  its  fuller  investigation  will  lead  to  some  practically 
useful  results.  But  this  very  preparation  of  the  soil  for  the  work- 
ing of  our  steam -cultivating  machinery  involves  a  use  for  it  in  a 
direction  to  which  much  attention  has  not  been  given,  but  which, 
nevertheless,  is  one  of  vast  importance — namely,  the  moving  of 
soils  from  one  part  of  a  farm  or  a  field  to  another,  so  as  to  bring 
the  whole  to  as  level  a  surface  as  possible ;  and,  further,  the 
mixing  of  soils.  We  can  but  simply  allude  to  these  two  points  ; 
but  much  might  be  said  on  both  of  them  did  space  permit. 
Suffice  it  to  say,  that  in  the  mixing  of  soils  so  that  we  can  take 
from  the  redundancy  of  good,  fertile  soil  of  one  part,  and  trans- 
port it  to  and  mix  it  with  defective  or  sterile  soil  of  another  part, 
lies  a  future  of  utility  which  has  somehow  been  strangely  over- 
looked. To  aid  in  this  transmission  of  the  fertile  wealth  of  soil 
of  one  district  to  the  sterile  deficiency  of  another,  the  extension 
of  agricultural  lines  of  railways  will  be  of  immense  service.  In 
this  direction  alone  much  has  yet  to  be  done  by  the  engineer. 

"  In  close  connection  with  the  subject  of  steam  culture  is  ob- 
viously the  improvement  of  steam-engine  mechanism.  Although 
we  have  every  reason  to  be  proud  of  v/hat  the  steam-engine  has 
done,  we  are  fully  convinced  that  we  have  not  yet  come  near  the 
ultimatum  of  its  power.  We  have  yet,  we  believe,  to  see  a  re- 
markable development,  and  in  the  direction  of  great  power  com- 
pressed within  Httle  space.  In  boilers,  too,  we  have  still  to  see 
vast  improvements.  Man  has  not  yet  the  mastery  over  this 
powerful  servant  of  his ;  hence  do  we  read  so  often  of  such 
frightful  accidents  taking  place  through  its  means.  Boiler  en- 
gineering is  in  its  infancy,  and  with  greater  economy  we  shall 
have  yet  greater  safety  :  economy  in  the  consumption  of  coal  by 
improved  furnaces  or  modes  of  firing,  safety  in  raising  and  stor- 
ing up  of  steam  in  improved  boilers.  These  points  involve  sub- 
jects of  the  greatest  importance  to  the  future  of  agriculture,  and 
will  test  severely  the  capabilities  of  our  engineers.  Other  prob- 
lems awaiting  solution  are  the  best  modes  of  reaping,  housing, 
and  preserving  grain.  These  are  of  the  highest  importance,  and 
have  not  yet  met  with  the  attention  they  deserve." 
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Oil,  Lubricating,      .        .        .  380 

Ovens,  Coke,    .        .        .        .  145 

Packing,  Piston,  .  .  .  182 
Peat,  Condensed,  as  Fuel,  .  138 
Peat  as  a  Steam  Fuel,  .  .  134 
Peat — Torbite — a  New  Prepara- 
tion of,  ....  140 
Petroleum  Engine,  .  .  .  243 
Petroleum  for  Steam  Raising,  .  128 
Pile  Driving  by  Steam,  .  .  266 
Piston  Packing,  .  .  .  182 
Piston  Rod  Guides,  .  .  .  185 
Pitting  of  Boiler  Plates,  .  .  115 
Planing  Machines,  .  .  .  260 
Plates,  Boiler  Pitting  of,  .  .  115 
Pneumatic  Railway,  .  .  350 
Portable  Engine,  *  .  .  .  188 
Power,  Engine,  Nominal  and  Actual,  195 
Power,  Fuel,  ....  244 
Power,  Horse,  On,  .  .  192 
Power,  New,  for  Railways,        .  333 
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Steam  Engines,  Defects  in. 
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Preservation  of  Stone, 
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Steam,  Expansion  of. 
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Priming, 

115 

Steam  Pile  Driving  Machinery, 
Steam  Raising  by  Petroleum, 

266 

Puddling,  Mechanical,  of  Iron, 

325 

128 

Pumping,  Cornish,  Engines,     . 

166 

Steam  Tilt  Hammer, 

265 

Steam,  Wet,      . 

55 

Railway  Breaks, 

350 

Steel  Making,  Bessemer  Process,      302 

Railway  Carriages,  Gas  Lighting  of  ^ 

345 

Steel  Manufacture,  . 

313 

Railway,  Pneumatic, 

350 

Stock,  Railway  Rolling,    . 

343 

Railway  Rolling  Stock, 

343 

Stone,  Preservation  of. 

382 

Railways,  Narrow  Gauge, 

337 

Surface  Condensers, 

230 

Railways,  New  Power  for. 

333 

Regenerative   Gas   Furnaces,   Sie- 

Tank  Locomotives,    . 

202 

men's, 

148 

Telegraph,  The  Atlantic  Cable, 

372 

Reservoir,  Sheffield,  Accident, . 

402 

Testing,  Hydraulic,  of  Boilers, 

77 

Rivet,  New  Form  of. 

283 

Testing  Machines  for  Chains,    . 

272 

Rolling  Friction  for  Bearings,  . 

290 

Threads,  Screw, 

278 

Rolling  Stock,  .... 

343 

Tilt  Steam  Hammer, 

265 

Roofs,  Large  Span,  . 

399 

Titaniferous  Iron,     . 

331 

Rotatory,  The,  Boiler, 

20 

Toolsj  Engineers', 

253 

Torbite,  a  New  Preparation  of  Peat,  140 

Safety  Guardians  for  Boilers,   . 

36 

Traction  Engine  Act, 

416 

Safety-valve  Balance, 

49 

Traction  and  other  Engines  on  Com- 

Safety-valves, .... 

36 

mon  Roads,  .... 

412 

Salinometers,    .... 

51 

Trussed  Girders,  v.  Plate  do.,  . 

396 

Screw  Threads, 

278 

Tubes  in  Marine  Boilers,  . 

34 

Screws  and  Nuts,  Locking, 

291 

Tubes,  Thimble,  for  Boilers,     . 

53 

Sea,  Smoke  Prevention  at, 

163 

Tubular  Boilers, 

13 

Sheathing  of  Iron  Ships,  . 

363 

Tubular  Boilers,  Facts  and  Falla- 

Shipbuilding, The  Composite,  . 

362 

cies  upon,      .... 

13 

Ships,  Cleaning  Iron,  Afloat,    . 

352 

Turbine, 

248 

Ships,  Iron  and  Iron-Plated,     . 

356 

Turret  Ships 

370 

Ships,  Sheathing  of. 

363 

Ships,  Turret, 

370 

Valves,  Safety, 

36 

Slide  Valves,     .... 

173 

Valves,  Safety,  Balance,  . 

49 

Slotting  Machine, 

260 

Valves,  Slide,   .... 

173 

Smoke-burning, 

158 

Smoke-burning  Locomotives,    . 

160 

Water  Engine, .... 

249 

Smoke  Prevention  at  Sea, 

163 

Water,  Feed,  Effects  of,  upon  Boilers,   72 

Smokeless  Furnaces, 

153 

Water  Gauge,  Dioptric,    . 
Wear  and  Tear  of  Boilers, 

41 

Steam,  Eifects  of,  Pressure  upon 

59 

Boilers,         .... 

59 

Wet  Steam,       .... 

55 

Steam   Engine,    Double   Cylinder, 

Revolving,    .... 
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